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OUR   BODILY   LIFE 

BY    MRS.    FENWICK    MILLER, 

Member  of  the  London  School  Board, 


INTRODUCTION. 


When  we  get  so  used  to  anything  as  we 
are  to  seeing  a  live  boy  or  girl  moving, 
talking,  breathing,  thinking,  and  learning, 
we  forget  to  wonder  at  it,  simply  because 
it  is  so  common  a  sight.  But  when  one 
does  think  about  it,  how  very  wonderful  it 
is  to  be  alive  !  One  begins  to  ask,  How  do 
we  manage  to  move  our  bodies  ?  When 
I  have  hurt  my  foot,  how  does  my  head 
know  that  I  have  done  so  ?  Why  do  we 
breathe  and  eat  ?  How  do  we  speak,  and 
how  do  we  think  ? 

All  these  things  these  chapters  will  try 
to  explain  to  you.     There  will  not  be  room^ 
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to  tell  yoVvery  riitiah  about  Ul:frlis\woiiders 
of  our  own  bodies  \  hut  you  .will  be  able  to 
learn  just  the  beginning  o*f«  "the  story,  and 
by-and-ljy<yQU;«Gan."gQ  pa.  fertile*;  •  ;  .^# 

Befor^  -/W&  [c  ah- .reach**.  theY  interesting 
part  of  our  lessons,  we  have  to  do  some- 
thing like  cracking  the  shell  of  a  nut  to 
get  at  its  kernel;  we  have  to  learn  the 
meaning  of  a  few  hard  words,  which  must 
be  used  in  talking  about  this  subject. 

First  of  all  comes  the  word 

Physiology. 

This  big  word  is  the  grand  name  by 
which  learned  men  call  that  which  is 
known  about  our  bodies.  "  Physiology" 
tells  all  about  the  parts  of  the  living  body 
and  their  working. 

Another  word  which  I  must  often  use  is 

Organ  ; 

and  you  must  not  suppose  that  I  mean 
a  musical  instrument.  An  organ  in  the 
human  body  is  any  one  separate  part  of  it. 
The  body  is  made  up  of  organs — that  is, 
of  parts — each  of  which  does  its  special 
work.  Thus,  the  ear  is  the  organ  of  hear- 
ing ;  the  eye  is  the  organ  of  seeing  ;  and 
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the  inside  of  the  body  (of  which  there  is  a 
picture  on  page  15),  is  also  made  up  of 
parts — such  as  the  lungs,  which  are  the 
organs  of  breathing  ;  the  stomach,  which 
is  the  organ  for  digesting  our  food,  and  so 
on. 

Tissue. 

A  tissue  of  the  human  body  is  the  stuff 
of  which  any  part  of  it  is  made.  Suppose 
a  girl  has  on  a  merino  frock,  trimmed  with 
ribbon ;  then  it  might  be  said  that  her 
frock  was  woollen  tissue,  and  its  trimming 
was  silk  tissue.  So  in  our  bodies,  there 
are  some  parts  nmde  of  elastic  tissue, 
others  of  muscular  tissue,  etc. 

System. 

The  word  system  here  means  all  of  our 
organs,  and  their  working  in  connection 
with  each  other.  In  fact  "  our  system  " 
means  very  much  the  same  as  "our  body." 

These  words  refer  to  the  whole  of  our 
subject,  and  may  be  needed  in  every  chap- 
ter. A  few  other  names  you  will  have  to 
learn  as  we  go  on. 
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II. 

HOW   A   MAN    MOVES. 

One  of  the  powers  which  mark  the  dif- 
ference between  an  animal  and  a  vege- 
table is  that  of  movement  controlled  by 
will.  The  weakest  and  smallest  baby  or 
the  tiniest  insect  can  move  his  own  limbs 
when  he  pleases,  but  the  strongest  vege- 
table and  the  oldest  tree  never  move  ex- 
cept when  some  cause  outside  themselves 
acts  upon  them. 

A  man  moves,  and  walks  from  place  to 
place,  by  means  of  his  muscles. 

What  we  call  our  flesh,  or  the  lean  of 
meat,  is  muscle.  When  lean  meat  is  very 
much  boiled,  we  see  it  divide  into  strings ; 
these  strings  are  muscular  tissue,  and  in 
live  animals  they  are  fastened  together 
by  skin,  in  bundles  of  various  shapes. 
Each  bundle  of  muscular  tissue  is  termed 
a  muscle.  Some  of  the  muscles  are  formed 
like  fans,  some  like  quill  pens ;  many  of 
them  are  flat  and  broad  in  the  middle,  and 
get  narrow  by  degrees  down  to  each  tip. 
The  shape  of  some  of  the  muscles  can'be 
seen  through  the  skin ;  there  is  one  at  the 
top  of  the  arm,  underneath,  which  you  can 
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make  out  very  well,  for  an  example,  in  the 
arm  of  a  man  who  does  hard  work  with 
his  hands. 

Now,  these  muscles  have  a  power  of 
their  own,  which  no  other  kind  of  tissue 
in  the  hody  possesses.  But  for  that  power 
I  could  not  write  these  words,  and  you 
could  not  turn  your  eyes  upon  them,  nor 
could  you  move  your  tongue  to  repeat 
them.  Indeed,  every  movement  that  any 
part  of  the  body  makes  is  made  by  this 
muscular  power. 

That  power  belonging  to  muscles  only 
is  : — 

To  get  shorter  and  thicker  when  we  wish 
or  require  them  to  do  so. 

You  can  see  something  like  muscular 
action  in  a  piece  of  elastic.  If  you  take 
elastic  or  india-rubber,  and  pull  it  out 
longer,  you  will  see  that  it  gets  thinner ; 
and  when  you  let  it  go  again,  it  once  more 
becomes  short  and  thick.  This  is  very 
much  like  the  action  of  our  muscles ; 
but  muscular  tissue  can  do  this  by  its 
internal  power,  without  being  pulled  by 
somebody  else  as  a  piece  of  elastic  must  be. 

Now,  you  will  easily  see  how  this  power 
in  our  muscles  enables  us  to  move.  I  will 
explain  to  you  the  moving  of  the  arm ; 
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and  you  will  understand  that  all  like 
actions  (such  as  closing  the  hand,  opening 
the  mouth,  lifting  the  leg,  and  so  on)  are 
done  in,  practically,  the  same  way. 

There  is  one  bone  in  the  top  of  the  arm, 
and  there  are  two  in  the  bottom  of  it. 
The  elbow  is  the  place  where  they  are 
jointed  on  to  each  other.  The  joint  is 
like  the  hinge  of  a  door ;  the  lower  part 
of  the  arm  can  move  up  and  dcwn  while 
the  top  part  keeps  still,  just  as  the  lid  of 
a  desk,  or  the  door,  moves  upon  its  hinges. 

That  broad,  flat  muscle  that  can  be 
made  out  through  the  skin  at  the  inside 
top  of  the  arm,  of  which  I  have  already 
spoken,  has  one  end  fastened  by  the  top 
of  the  arm,  at  the  shoulder,  and  the  other 
to  the  bottom  bone  of  the  arm,  just 
beneath  the  hinge  at  the  elbow.  Now, 
when  that  muscle  gets  thick  and  short  in 
the  middle,  of  course  its  two  ends  must 
be  pulled  nearer  each  other  than  they  are 
when  it  is  as  flat  and  as  long  as  ever  it 
can  be.  So  when  we  want  to  draw  up 
our  hand  towards  our  shoulder,  our  brain, 
in  which  we  think,  sends  a  message  (in  a 
way  to  be  presently  explained)  to  the 
muscle  ;  the  muscle  at  once  gets  shorter, 
and  the   end  which  is  fastened  to   the 
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lower  part  of  the  arm  is  pulled  up  towards 
the  shoulder,  and  brings  the  bone  to 
which  it  is  fastened  up  as  well. 

If  you  watch  the  bare  arm  of  a  strong 
man  while  he  pulls  up  his  hand  to  his 
shoulder,  you  will  be  able  to  see  the 
muscle  swell  up  as  it  gets  thicker  and 
shorter. 

In  this  way,  in  the  main,  all  our  move- 
ments are  made.  This  is  muscular 
action ;  and  that  getting  thicker  and 
shorter  by  which  the  action  is  done  is 
called  the  contraction  of  muscle. 

All  muscle  acts  in  this  way,  by  contrac- 
tion, though  some  muscles  are  not  fast- 
ened to  bones.  Thus,  for  instance,  the 
pipe  down  which  our  food  goes  from 
our  mouths  to  our  stomachs  is  made  of 
muscular  tissue,  arranged  in  round  rings 
to  form  the  pipe.  When  a  mouthful  of 
food  goes  into  it,  the  first  part  contracts 
all  round,  and  so  squeezes  itself  together, 
and  pushes  the  food  down  from  between 
its  sides  into  the  next  lowest  part.  Then 
that  contracts  on  every  side  in  just  the 
same  way,  and  so  on  until  the  food  reaches 
the  stomach. 

Eemember,  then,  that  wherever  there  is 
muscular  tissue  its  business  is  to  cause 
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movement ;  and  it  always  does  this  by- 
its  contracting — that  is  to  say,  by  becom- 
ing at  once  thicker  and  shorter. 


III. 

THE    TELEGRAPH   IN    OUR   BODIES. 

But  although  you  have  learnt  about  mus- 
cular action,  you  still  cannot  understand 
quite  how  a  man  moves  ;  because  a  dead 
animal  has  muscles,  made  of  the  same  tis- 
sue as  those  of  a  live  one,  and  yet  if  the 
animal  moves  you  say  at  once  that  it  is 
not  dead. 

It  is  not  enough,  then,  to  have  muscles, 
and  bones,  and  joints.  There  is  some- 
thing more  required. 

This  something  was  mentioned  in  the 
last  chapter,  though  you  may  not  have 
taken  notice  of  it.  It  is  a  message  from 
the  brain. 

To  order  muscular  action  is  one  part  of 
the  work  of  the  brain.  When  we  make 
up  our  minds  to  do  anything,  we  are  said 
to  will  to  do  it ;  and  just  as  contraction 
is  the  special  power  of  muscle,  so  to  will 
is  a  special  action  of  the  brain. 
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The  brain  does  more  than  willing ;  it 
also  is  the  means  by  which  we  think,  and 
by  which  we  feel.  It  is  therefore  one  of 
the  most  wonderful  and  important  parts 
of  the  body.  It  lies  inside  the  skull, 
quite  filling  up  the  head ;  and  some  of 
the  stuff  of  which  the  brain  is  made 
(called  nervous  tissue)  runs  down  the 
backbone,  which  is  made  hollow  on  pur- 
purpose  to  hold  it. 

White  cords,  glistening  like  silver,  go 
out  of  the  brain,  and  out  of  that  con- 
tinuation of  the  brain  which  is  in  the 
backbone  (and  which  is  called  the  "  spinal 
cord  "),  and  run  all  over  the  body.  These 
are  the  nerves. 

The  nerves  go  into  the  muscles,  and  to 
the  skin ;  whatever  part  of  the  body  you 
touch  has  nerves  in  it.  If  you  cut  open 
a  body,  and  followed  a  nerve  along  its 
course,  you  would  find  by-and-by  that 
you  traced  it  into  either  the  spinal  cord 
or  the  brain  itself, — most  likely  into  the 
cord,  for  the  greater  number  of  the  nerves 
of  the  body  branch  out  from  thence. 

Now,  messages  go  along  these  nerves 
from,  and  also  back  to,  the  brain,  and  in 
the  brain  we  feel  and  we  will.  No  part 
of  the  body  has  any  feeling  in  itself,  or 
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any  poiver  of  willing  its  own  movement. 
If  all  the  nerves  leading  from  your  hand 
to  the  brain  were  to  be  cut,  you  would 
not  be  able  to  feel  any  pain  in  your  hand, 
nor  could  you  move  it  at  all.  In  fact, 
whenever  you  move  any  part  of  your 
body,  your  brain  has  sent  down  an  order 
for  this  movement,  through  the  nerves. 
Nervous  power,  then,  gives  the  muscular 
tissue  its  ability  to  carry  on  its  work  of 
contraction. 

The  order  flies  through  the  nerves  faster 
than  it  is  possible  for  you  to  imagine. 
In  every  way  our  nervous  system  is  like 
the  telegraph ;  our  brain  being  the  head 
office,  and  the  nerves  the  wires,  while  the 
places  where  the  nerves  end,  the  skin  and 
muscles,  maybe  called  the  smaller  offices. 
If  you  put  your  hand  on  a  hot  stove  which 
you  had  fancied  was  cold,  you  know  you 
would  not  be  long  in  pulling  it  away. 
Yet  really  this  would  have  happened — 
a  message  would  have  flashed  along  the 
nerves  from  your  hand,  through  the  spinal 
cord,  to  the  brain,  "  We  are  burnt !  "  ' 
The  brain  would  at  once  have  returned 
the  message  to  the  muscles,  "Pull  the 
hand  away  !  "  Then  the  muscular  tissue 
contracted,  and  the  hand  was  removed. 
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We  know  that  allthi"  happens,  because 
if  your  nerves  had  been  cut  across  any- 
where between  your  hand  and  your  brain, 
you  would  not  have  known  it  was  burn- 
ing, and  could  not  have  moved  it  if  you 
had  known. 


IV. 

MUSCLES    NOT    MANAGED    BY   OUE   WILL. 

Theke  are  some  muscles  in  the  body, 
however,  not  managed  and  ordered  by 
our  will. 

I  do  not  say,  mind,  that  they  are  not 
managed  by  the  nervous  system ;  but 
simply  that  they  are  not  directed  by  our 
brain  at  first  hand. 

Each  of  these  muscles  has  some  cause 
of  its  own  to  make  it  act ;  and  when  that 
cause  comes  to  the  muscle,  the  nerves 
which  attend  to  it  do  nob  require  to  re- 
ceive a  message  from  the  brain  telling 
them  what  to  do,  because  there  is  only 
one  thing  to  be  done. 

Let  me  explain  this  by  an  instance. 
The  stomach,  which  digests  our  food,  is 
made  of  this  muscular  tissue  which  our 
will  does  not  manage.     As  soon  as   wre 
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swallow  a  mouthful  of  food,  and  it  gets 
into  the  stomach,  the  nerves  feel  that  it  is 
there,  and  cause  the  muscles  to  begin  to 
act  in  the  proper  way  for  digesting  it. 

The  heart,  which  pumps  the  blood,  is 
another  of  these  muscles  ;  and  this  serves 
to  show  us  the  great  reason  why  they  act 
without  our  will  having  to  order  them. 
You  know  that  the  heart  is  always  beat- 
ing ;  if  you  lay  your  hand  on  your  left 
side,  there  it  is — thud,  thud,  never  stop- 
ping, so  long  as  you  live.  Directly  it 
stops,  you  will  die.  Now,  if  you  had  to 
pay  attention  to,  and  to  will,  every  beat 
of  your  heart,  how  dreadful  it  would  be  ! 
You  would  not  be  able  to  think  about 
anything  else  except  how  to  keep  your 
heart-beats  going  on. 

Therefore  all  these  kinds  of  organs, 
made  of  muscular  tissue,  but  intended 
always  to  do  one  special  work,  are  under 
the  management  of  nerves,  but  not  of 
that  part  of  the  brain  in  which  our  will 
is  seated ;  while  all  those  muscles  which 
have  to  do  different  things  at  different 
moments,  such  as  those  of  our  hands, 
our  feet,  our  eyes,  our  lips,  and  so  on,  are 
under  the  control  of  our  will,  and  do 
what  we  bid  them. 
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One  of  the  great  uses  of  drill  is  to 
make  our  muscles  quite  obedient  to  our 
command.  These  are  our  servants,  you 
know,  and  we  ought  to  be  completely 
their  masters.  You  must  never  say  you 
cannot  do  anything  merely  because  your 
fingers  find  it  hard  to  do  at  first.  You 
must  remember  that  your  hands  have 
muscles  which  your  will  can  order  as  you 
please. 

Exercise  strengthens  the  muscles,  and 
does  you  good  altogether.  Every  girl,  as 
well  as  every  boy,  should  put  the  muscles 
into  action  by  a  good  game  or  run,  after 
sitting  still  in  school. 


V. 

THE    INTERIOR    OF    THE    BODY. 

Most  of  the  organs  of  the  body  are  in 
the  trunk;  that  is,  in  that  part  which 
would  be  left  if  the  arms,  the  legs,  and 
the  head  were  removed. 

Let  us  suppose  that  we  take  away  the 
skin,  the  muscles,  and  the  ribs,  which 
hide  the  inside  of  the  body  from  us  in 
living  animals ;  and  what  shall  we  see  ? 
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Perhaps  you  never  wondered  how  your 
heart,  and  your  lungs,  and  all  the  other 
parts  which  you  know  we  possess  in  our 
bodies  are  arranged. 

You  may  be  able  to  see,  very  likely,  the 
body  of  some  dead  animal,  such  as  a  rabbit, 
or  a  pig,  cut  open.  If  you  can,  this  will 
give  you  a  better  idea  of  your  own  self 
than  looking  at  the  picture  on  the  oppo- 
site page  can  do.  The  inside  of  a  man's 
body  is  very  nearly  like  that  of  one  of 
the  lower  animals.  They  have  the  same 
organs,  doing  the  same  work,  as  we  have  ; 
all  their  bodily  needs  are,  therefore,  the 
same  as  ours.  The  knowledge  of  this 
should  make  us  always  act  kindly  toward 
them,  and  try  to  supply  all  their  wants. 

If  you  can  see  the  inside  of  any  animal, 
you  will  be  sure  to  notice  how  closely  and 
carefully  the  organs  are  packed  in  the 
trunk.  There  is  no  space  for  any  one  of 
them  to  move  about ;  if  one  gets  out 
of  its  place,  it  must  crowd  upon  and 
hurt  another. 

This  is  why  you  get  uncomfortable  if 
you  eat  too  much;  the  stomach  is  swelled 
beyond  the  space  which  it  has  a  right  to 
fill,  and  the  heart  and  other  organs  feel 
squeezed  and  unable  to  work. 
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H,  the  heart ;  RL,  the  right  lung,  LL,  the  left  lung; 
T,  the  trachea  or  windpipe ;  i?  the  aorta,  the  largest  artery 
of  the  body ;  2,  the  artery  of  the  lungs  ;  3,  the  largest 
vein  of  the  body  ;  D,  the  diaphragm  ;  A,  the  liver  ;  S, 
the  stomach  ;  B,  the  spleen  ;  I,  the  small  intestines  ;  0, 
the  large  intestines. 
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This,  too,  is  why  tight  stays  are  bad. 
If  a  silly  girl  pinches  in  her  waist,  she 
can  only  make  it  smaller  by  pushing  some 
of  the  organs  out  of  their  proper  place, 
or  pressing  them  into  unnatural  shapes. 

One  of  the  first  thiugs  which  you  will 
notice  is  a  large  piece  of  muscle,  in  the 
form  of  an  arch,  separating  the  top  from 
the  bottom  part  of  the  trunk.  This 
muscle  is  called  the  diaphragm.  That 
part  which  is  above  it  is  called  the  chest, 
and  that  which  is  below  it,  the  abdomen, 
or  belly.  The  diaphragm  helps  us  to 
breathe. 

Above  the  diaphragm — that  is,  in  the 
chest — are  the  heart  and  the  two  lungs, 
with  the  windpipe  and  other  tubes  at- 
tached to  those  organs. 

Below  the  diaphragm,  in  the  abdomen, 
are  the  stomach,  the  liver,  the  pancreas, 
the  spleen,  the  intestines,  and  the  kidneys. 
These  last-named  organs  lie  behind  the 
intestines,  and  you  cannot  see  them  in 
the  picture.  You  cannot  see  either  the 
whole  or  the  exact  shape  of  the  stomach, 
liver,  or  spleen,  or  the  pancreas  at  all, 
for  it  is  behind  the  stomach  next  to  the 
backbone.  'But  you  can  see  the  position 
in  which  most  of  them  lie  beside  each 
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other  ;  and  I  want  you  to  study  the  pic- 
ture till  you  can  remember  their  arrange- 
ment very  well. 


VI. 

THE    ORGANS    ABOVE    THE    DIAPHRAGM. 

I  shall  say  very  little  here  about  the 
organs  which  lie  in  the  chest,  viz.,  the 
heart  and  lungs,  because  I  have  written 
expressly  about  them  in  my  Simple  Les- 
sons on  "  How  and  Why  we  Breathe." 
There  is  so  much  to  tell  you  about  them 
that  a  whole  book  of  this  size  is  necessary 
to  do  it  in. 

Here,  then,  I  will  only  say  shortly  that 
the  heart  is  the  organ  which  by  its  mus- 
cular action  pumps  the  blood  round  the 
body;  and  this  pumping  is  called  "  The 
circulation  of  the  blood."  In  the  picture 
you  see  some  pipes  coming  out  of  the 
heart.  These  are  the  largest  blood-vessels, 
and  they  divide  into  other  smaller  ones, 
which  run  all  over  the  body,  having  the 
blood  in  them,  and  carrying  it  to  all  parts 
just  as  water  pipes  carry  the  fluid  we 
drink  all  over  a  town.  The  blood-vessels 
are  laid,  so  to  speak,  into  all  the  muscles, 
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into  every  organ,  and  even  into  the  very 
marrow  in  the  bones.  You  know  you 
cannot  cut  yourself  anywhere  without 
opening  a  small  or  perhaps  a  large  blood- 
vessel, and  letting  the  blood  run  out. 

The  blood  carries  the  digested  food,  and 
the  fresh  air  which  we  breathe  in*  by 
means  of  the  other  chest  organs,  the  lungs, 
all  over  the  body.  It  gathers  up  as  it  goes 
the  impurity  and  waste  of  the  body,  and 
brings  this  back  to  the  heart,  from  whence 
it  goes  to  the  lungs. 

The  lungs  are  organs  which  get  rid  of 
some  of  this  waste  matter.  The  windpipe 
goes  into  the  lungs ;  and  whenever  we 
draw  in  breath,  the  pure  air  goes  down 
that  pipe  into  the  lungs,  and  mixes  with 
the  blood,  which  is  pumped  there  by  the 
heart  on  purpose  for  this  to  happen.  Then 
when  we  breathe  out  again,  the  impure 
air,  full  of  the  waste  of  the  body,  is  sent 
out  of  our  mouths ;  while  the  refreshed 
blood  is  once  more  pumped  away,  back  to 
the  heart  first,  and  thence  all  round  the 
system. 

The  blood-vessels,  or  pipes  which  carry 
the  blood,  are  of  three  kinds  :  arteries, 
which  take  blood  away  from  the  heart ; 

*  See  "  Air  and  Ventilation, "  in  this  volume. 
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veins,  which  bring  blood  back  to  the 
heart :  and  capillaries,  tiny  little  vessels, 
not  as  wide  as  our  hairs,  which  convey 
the  blood  from  the  arteries  to  the  veins. 


VII. 

THE    OEGANS    BELOW    THE    DIAPHKAGM. 

The  first  of  the  organs  beneath  the  dia- 
phragm, lying  just  under  that  fleshy  arch, 
is  the  stomach.  A  tube,  called  the  gullet, 
goes  down  from  the  mouth  to  the  stomach, 
and  the  food  passes  down  through  this 
pipe  after  it  is  swallowed  (see  page  7). 
The  stomach  is  a  bag  made  of  muscle. 
As  soon  as  the  food  gets  into  it,  the  mus- 
cular tissue  begins  to  contract,  first  one 
part  and  then  another,  in  such  a  way 
that  the  food  is  shaken  slowly  backwards 
and  forwards.  By  this  means  it  becomes 
thoroughly  mixed  with  a  liquid,  called 
gastric  juice,  which  is  in  the  stomach, 
and  which  dissolves  the  food,  so  that  it 
becomes  only  about  as  thick  as  pea-soup. 
This  process  is  called  digestion. 

At  the  other  end  of  the  stomach  from 
that  at  which  the   gullet  goes   into  it, 
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there  is  another  pipe  opening  out  of  it. 
This  is  the  top  of  the  intestines,  or  bowels. 
When  the  food  is  digested,  as  just  ex- 
plained, a  little  of  it  is  sucked  up  into  the 
veins  at  once,  and  the  rest  of  it  goes  out 
of  the  stomach  into  the  top  part  of  the 
intestines. 

That  dark-coloured  organ  which  can  be 
seen  to  the  right  hand  of  the  stomach  is 
the  liver.  This  is  the  largest  organ  in  the 
body,  weighing  about  four  pounds.  In  it 
the  bile  is  made.  A  small  bag  called  the 
gall-bladder  receives  the  bile,  which  the 
liver  is  constantly  forming,  and  stores  it 
up  until  food  comes  into  the  top  of  the 
intestine.  When  this  happens,  the  mus- 
cular tissue  of  which  the  gall-bladder  is 
made  contracts,  and  pours  the  bile  down 
a  narrow  tube  into  the  intestine,  where 
it  mixes  with  the  digested  food.  The 
bile  is  needed  to  complete  the  digestion 
of  the  fat  which  we  eat. 

Besting  against  the  backbone,  and  so 
not  seen  in  the  picture,  is  the  organ 
called  the  pancreas,  which  likewise  makes 
a  fluid  that  helps  to  complete  the  diges- 
tion of  our  food. 

The  intestines  are  formed  by  one  tube 
about  thirty  feet  long,  which  is  doubled 
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back  and  forward  to  get  it  all  into  the 
space  it  has  to  fill.  The  digested  food 
passes  along  it,  and  is  sucked  up  into  the 
blood  as  it  goes,  to  be  carried  all  round 
for  the  nourishment  of  the  body,  by  a 
very  beautiful  arangement,  which  you 
should  study  one  day. 

The  spleen  lies  at  the  left  side  of  tlie 
body.  Nobody  knows  quite  certainly 
what  work  it  has  to  do. 

The  only  organs  of  the  abdomen  now 
left  unmentioned  are  the  kidneys ;  and  as 
their  work  is  quite  different  from  that  of 
these  digestive  organs,  we  will  take  a  new 
chapter  for  them. 


VIIL 

HOW  THE  BODY  IS  CLE  ABED  OF  ITS  WASTE. 

When  a  fire  burns,  it  uses  up  the  coal 
or  wood,  and  leaves  behind  dust  and 
ashes,  which  must  be  cleared  away,  or 
else  before  long  there  would  be  no  room 
in  the  grate  for  the  fire. 

Our  body  does  something  very  similar. 
In  making  our  movements,  in  every  action 
of  life,  we  use  up  some  of  our  food ;  and, 
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after  we  have  done  so,  there  is  some  waste 
to  be  got  rid  of.  On  page  18  you  were 
told  that  the  blood  carries  this  away  from 
the  muscles  and  organs  in  which  it  is 
first  made  ;  but  clearly  the  blood  must 
itself  get  rid  of  the  waste  after  that,  else 
it  would  soon  become  too  dirty  itself  to  go 
on  with  its  work.  This  chapter  will  tell 
how  the  blood  gets  cleared  of  the  waste. 

There  are  three  great  doors  by  which 
the  blood  passes  out  the  refuse  which  it 
gathers  from  all  round  the  body.  One 
of  these  doors  is  the  lungs  (see  page  18) ; 
a  second  is  the  'kidneys ;  a  third  is  the 
skin,  which  covers  the  body  outside. 

This,  then,  is  the  work  which  those  two 
little  organs,  the  kidneys,  are  placed  in  the 
abdomen  to  dp.  The  exact  way  in  which 
they  carry  it  on  you  must  learn  hereafter ; 
it  is  too  difficult  to  be  explained  in  this 
little  book. 

The  skin  does  the  same  work,  and  its 
action  is  more  easily  understood. 

When  the  skin  is  looked  at  through  a 
magnifying  glass,  there  can  be  seen  in 
every  part  of  it  the  openings  of  a  multi- 
tude of  little  tubes.  These  are  the  mouths 
of  the  sweat-glands,  by  which  the  perspir- 
ation, or  sweat,  is  made.     Each  gland  is 
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a  tiny  tube,  rolled  round  and  round  like  a 
ball  of  string,  and  placed  just  under  the 
outside  skin,  with  the  end  of  the  pipe 
going  up  to  the  surface  and  opening  there, 
The  capillaries,  or  hair-like  blood-vessels, 
surround  the  doubled-up  part  of  the  tube, 
and  the  waste  strains  out  through  the 
thin  skin  of  which  they  are  made  in  the 
form  of  sweat.  The  sweat  then  passes 
along  the  pipe  which  goes  up  to  the  sur- 
face, and  so  is  thrown  out  upon  the  skin, 
where  it  dries  off,  or  must  be  washed  away. 

When  a  sweat-gland  is  unrolled  and 
measured,  it  is  found  to  be  altogether 
about  a  quarter  of  an  inch  long ;  though 
when  doubled  up  it  is  made  so  short  as  to 
lie  just  under  the  skin.  They  are  so 
small  in  diameter,  too,  that  in  a  piece  of 
skin  off  the  palm  of  the  hand  only  one 
inch  each  way  (that  is,  one  square  inch), 
there  have  been  counted  nearly  three 
thousand  of  them.  In  the  whole  body 
there  are  no  less  than  three  millions  of 
sweat-glands,  with  their  openings  upon 
the  surface  of  the  skin.  If  all  the  sweat- 
glands  in  one  man's  body  could  be  un- 
rolled and  laid  end  to  end,  they  would 
be  twenty-eight  miles  long. 

Now,  you  may  be  quite  sure  that  those 
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twenty-eight  miles  of  tubing,  with  their 
millions  of  openings  on  to  the  outside  of 
the  skin,  are  not  in  our  bodies  for  nothing. 
Their  purpose  is  the  important  one  of 
casting  out  of  the  body  some  of  the  refuse 
which  the  blood  has  gathered  up  in  its 
rounds.  Dirty  people,  who  do  not  wash 
their  bodies  all  over,  let  the  mouths  of 
the  pipes  get  stopped  up;  this  prevents 
their  blood  throwing  out  through  the 
glands  the  sweat  which  it  needs  to  get 
rid  of;  and  then  the  people  get  ill,  and 
have  to  go  to  the  doctor. 

This  shows  you  that  it  is  not  enough  to 
wash  the  face  and  hands,  but  that  the 
whole  body  should  be  cleansed,  at  least 
once  a  week.  You  do  not  wrash  merely 
to  look  nice,  but  to  keep  open  the  mouths 
of  the  sweat-glands,  so  that  the  blood  may 
pass  out  at  them  the  refuse  of  the  body, 
which,  if  left  in  your  system,  will  choke 
you  up  and  make  you  ill. 


IX. 

THE   BONES    OF    OUR   BODIES. 

In  chapter  ii.  you  learnt  that  the  prin- 
cipal use  of  the  muscles  is  to  produce  our 
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movements,  and  that  they  are  fastened 
on  to  the  bones,  which  help  to  perform 
our  bodily  actions. 

Bones  and  muscles,  however,  answer 
another  purpose.  They  protect  the  soft 
organs  wThich  lie  beneath  them.  The 
bones  of  the  skull  guard  the  soft  and 
delicate  brain ;  the  ribs  protect  the  lungs 
and  heart ;  and  so  on. 

The  bones  also  give  firmness  to  our 
structure,  and  form,  as  it  were,  a  founda- 
tion upon  which  our  bodies  are  securely 
built.  We  could  not  stand  upright  with- 
out a  backbone. 

That  same  backbone,  or  spine,  is  one  of 
the  most  wonderful  bones  in  the  human 
body.  It  is  formed  of  thirty-three  distinct 
small  bones,  firmly  jointed  together,  yet 
so  arranged  that  we  can  bend  our  backs 
as  we  may  require  to  do. 

Twenty-four  ribs — twelve  on  each  side 
— run  round  from  the  backbone  to  the 
breastbone.  The  lowest  two  on  each  side 
are  not  fastened  to  the  breastbone  in 
front,  though  they  are  to  the  spine  be- 
hind ;  they  are  therefore  called  the  float- 
ing ribs. 

The  shoulder-blade  is  upon  the  ribs 
behind,   and    the   collar-bone   is    arched 
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V,  vertebral  column,  or  spine  ;  S,  sternum,  or  breast- 
bone ;  H  the  humerus  ;  K,  the  radius  ;  U,  the  ulna ; 
C,  the  carpus,  or  wrist-bones  ;  P,  the  phalanges,  or 
fingers  ;  F,  the  femur ;  Fb,  the  fibula,  T,  the  tibia ;  B, 
basin  or  pelvis  ;  CI,  clavicles. 
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above  them.  The  first  is  called  in 
physiology  the  scapula,  the  other  the 
clavicle. 

There  is  one  bone  in  the  top  of  each 
arm,  called  the  humerus  ;  and  one  in  the 
top  of  each  leg,  called  the  femur.  Beneath 
the  elbow  there  are  two,  and  so  there  are 
in  the  leg,  under  the  knee.  In  the  arm, 
these  are  called  the  radius  and  ulna  ;  in 
the  leg,  the  fibula  and  tibia. 

There  are  eight  bones  to  make  up  the 
skull :  the  frontal  bone,  the  occipital  (or 
back-head)  bone,  two  parietal  (or  side) 
bones,  two  temporal  bones,  and  two  other 
small  bones,  called  the  ethmoid  and 
sphenoid. 

In  all,  there  are  more  than  two  hun- 
dred bones  in  the  body. 

This  little  book  does  not  profess  to  tell 
you  anything  like  all  that  can  be  told 
about  our  own  bodies.  There  is  very 
much  more  to  learn.  I  hope  that,  when 
you  have  mastered  all  that  is  said  here, 
you  will  feel  so  much  interested  in  it  that 
you  will  want  to  go  on  to  learn  more. 
The  study  of  physiology  will  not  only 
make  you  acquainted  with  many  wonder- 
ful things,  but  will  also  tell  you  how  to 
preserve  your  health;  and  therefore  every- 
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body  (girls  especially,  because  they  have 
to  make  healthy  homes),  will  do  wisely  to 
learn  as  much  as  possible  about  our 
bodily  frame  and  its  life. 


HOW    AND    WHY   WE 
BREATHE. 

BY    MRS.    FENWICK    MILLER, 
Member  of  the  London  School  Board. 

I. 

WHAT    IS    BREATHING  ? 

Night  and  day,  without  one  minute's 
rest,  from  the  first  to  the  hast  instant  of 
our  lives,  we  human  beings  breathe. 
About  fifteen  times  in  every  minute, 
more  than  twenty  thousand  times  in 
every  day,  many  million  times  in  a  life 
of  seventy  years,  a  man  draws  in  and 
sends  out  again  his  breath. 

Most  of  the  time  he  does  not  think 
about  it.  He  eats,  and  talks,  and  works, 
and  sleeps  ;  and  all  the  while  his  breath- 
ing goes  quietly  on. 

How  do  we  breathe  ?  and  ivhy  do  we  &g 
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so  ?  These  are  the  questions  you  will 
find  answered  in  these  chapters. 

Whatever  the  reason  is  for  which  we 
breathe,  you  know  the  same  cause  must 
be  at  work  in  all  animals.  Dogs  and 
cats  breathe  ;  we  see  their  sides  move  in 
and  out  in  the  way  that  our  own  chests 
do  in  the  same  act.  Horses  breathe  ;  we 
can  watch  the  breath  puffing  out  of  their 
nostrils  as  they  rest  after  a  long  gallop. 
And  the  same  thing  is  true  of  all  animals. 

But  vegetables  breathe  also,  though  in 
a  different  way  from  animals.  When  the 
leaf  of  any  plant  is  looked  at  through  a 
microscope  (an  instrument  which  greatly 
increases  the  size  of  things  placed  under 
its  glasses),  a  number  of  tiny  holes  can 
be  seen  all  over  the  leaf.  Through  these 
holes,  or  pores,  as  they  are  called,  the 
plant  breathes,  just  as  truly  as  an  animal 
does,  though  in  a  different  manner. 

I  say  that  it  breathes  :  what  do  we 
mean  by  breathing  ?  What  is  it  that 
happens  when  an  animal's  sides  are  seen 
to  rise  and  fall,  and  that  also  takes  place 
through  the  pores  of  the  leaves  of  a  vege- 
table ? 

We  know  that  in  the  case  of  animals 
there  is   something  which  we   call  the 
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breath,  passing  in  and  out  at  the  mouth 
and  nostrils.  We  can  feel  this  pass  in  if 
we  draw  our  breath  through  our  shut 
teeth.  We  can  feel  it  pass  out  if  we 
hold  our  hands  in  front  of  our  lips ;  and 
in  the  cold  weather  we  see  it  puffing  away 
like  a  cloud  of  steam.  It  feels  cold  as  it 
passes  in  over  the  teeth ;  but  it  is  warm 
as  it  comes  out,  for  we  can  thaw  a  frozen 
window-pane  by  our  breath. 

This  breath  of  ours  is  really  the  air 
which  is  all  round  about  us.  If  you  move 
your  hand  backwards  and  forwards  above 
your  head,  you  can  feel  that  there  is  a 
slight  resistance,  and  that  something 
rushes  through  your  fingers.  At  times 
this  same  something  moves  so  strongly 
that  we  can  scarcely  stand  against  it, 
although  we  cannot  see  it  any  more  than 
we  can  in  a  close  room  ;  then  we  call  it 
the  wind.  This  invisible  substance  is  the 
atmospheric  air ;  and  breathing,  in  both 
animals  and  plants,  really  is  taking  this 
air  in  and  sending  it  out  again.  The 
vegetables  suck  in  air  through  the  little 
pores  mentioned  above  ;  the  animals  take 
it  in  by  means  of  a  very  wonderful  and 
beautiful  apparatus,  which  the  following 
chapters  will  describe. 
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II. 

THE  BREATHING  APPARATUS. 

I  am  now  going  to  talk  about  the  ar- 
rangements by  means  of  which  human 
beings — men,  women,  and  children — draw 
their  breath  ;  and  after  that,  I  shall  go  on 
to  tell  you  the  purpose  for  which  they  do 
so.  But  I  want  you  to  understand  that 
all  the  four-legged  animals  breathe  in  the 
same  manner,  and  for  the  same  reason, 
as  we  do  ;  and  if  you  can  manage  to  see 
in  a  dead  rabbit,  or  a  sheep,  the  parts  that 
I  am  going  to  describe,  you  will  have  a 
better  idea  of  them  than  any  words  or 
pictures  can  possibly  give. 

Inside  a  man's  body  is  not  a  great 
empty  space  ;  on  the  contrary,  it  is 
packed  as  closely  as  ever  it  can  be  with 
what  are  called  the  vital  organs.  These 
are  separate  parts  of  the  body,  each  of 
which  has  a  special  work  to  do.  We 
have  for  our  subject  to  study  only  three 
of  those  many  parts — viz.,  the  heart  and 
the  two  lungs.  The  lungs  form  the  chief 
portion  of  the  breathing  apparatus,  and  to 
study  them  will  tell  us  how  we  breathe ; 
the  heart  is  included  in  the  other  half 
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of  the  title  of  this  section,  and  must  be 
studied  before  we  can  quite  understand 
ivhy  we  breathe. 

The  trunk  of  the  body  is  divided  inside 
into  two  cavities  by  a  large  fleshy  muscle, 
called  the  diaphragm,  which  is  situated 
near  the  bottom  of  the  breast-bone.  All 
the  space  above  this  is  called  the  chest, 
or  thorax;  all  below  it  is  the  belly,  or 
abdomen. 

The  heart  and  lungs  are  the  only  organs 
in  the  chest.  The  heart  lies  in  the  centre, 
with  its  point  turned  toward  the  left  hand, 
and  one  of  the  lungs  is  at  the  right  side 
of  it  and  the  other  at  the  left. 

The  lungs  come  right  up  to  the  collar- 
bone, and  go  down  behind  to  below  the 
bottom  edge  of  the  shoulder-blade.  The 
position  of  the  lungs  can  be  discovered  by 
tapping  upon  the  outside  of  the  chest.  If 
you  lay  your  left  hand  flat  out  just  under 
the  collar-bone,  and  tap  upon  it  with  the 
tips  of  the  fingers  of  your  other  hand,  you 
will  hear  a  sound  something  like  that  of  a 
drum.  Then  if  you  remove  your  left  hand 
to  a  little  above  where  you  feel  your 
heart  beating,  and  more  to  the  centre  of 
the  chest,  and  tap  again,  there  will  be 
quite  a  different  note  given  out — a  dull, 
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dead  sound,  sucli  as  would  follow  the 
striking  upon  a  solid  block.  The  hollow 
sound  comes  from  every  part  of  the  lungs, 
and  the  solid  sound  begins  when  we  get 
over  the  heart. 

The  lungs  sound  hollow  because  they 
are  full  of  air,  like  a  drum.  The  breath 
which  we  draw  in  goes  down  into  them, 
and  its  doing  so  causes  the  rising  up  of 
the  chest  which  we  see  take  place. 


III. 

HOW  BREATH  GETS  DOWN  INTO  THE  LUNGS. 

If  you  lean  your  head  back,  and  feel 
the  centre  of  your  throat,  you  can  find 
there  a  firm  tube  :  this  is  the  ivindpipe. 
The  top  end  of  the  windpipe  opens  into 
the  back  of  the  mouth,  just  behind  that 
little  soft  thing  which  can  be  seen  hang- 
ing down  when  you  look  into  any  one's 
throat.  A  small  lid  of  gristle  stands  up 
in  front  of  the  open  top  of  the  windpipe, 
ready  to  shut  down  upon  it  when  we  are 
going  to  swallow  food,  so  as  to  prevent 
even  a  crumb  going  ".the  wrong  way"; 
the  tube  down  which  our  food  passes  to 
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the  stomach  lies  just  behind  the  windpipe. 
The  gristly  lid  is  named  the  epiglottis.  It 
stands  upright  when  we  draw  air  in,  and 
does  not  in  the  least  prevent  breath  from 
entering  the  windpipe. 

The  windpipe  runs  down  through  the 
throat  into  the  chest ;  and  there,  at  its 
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(One  of  ihe  lungs  is  partly  cut  open,  to  show  some  of  the 
bronchial  tubes.) 

lower  end,  it  divides  into  two  branches,  as 
shown  in  the  picture,  one  of  which  goes 
right  into  the  substance  of  each  lung. 
These  two  tubes  are  called  the  bronchi. 

As  soon  as  each  one  of  these  gets  inside 
the  substance  of  the  lung  it  divides  into 
two  other  branches  ;  and  then  each  one  of 
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these  divides  into  two  more,  and  each  of 
those  presently  divides  again  into  two9 
and  so  on,  making  more  and  more  tubes, 
which  branch  out  in  all  directions  in 
the  lungs.  In  this  way  the  substance 
of  each  lung  is  about  half  made  up  of  air 
pipes,  all  of  which  are  produced  by  the 
dividing  and  subdividing  of  the  windpipe. 
These  are  called  the  bronchial  tubes. 

Whenever  one  bronchial  tube  divides, 
the  two  into  which  it  separates  are  nar- 
rower pipes,  and  are  also  made  of  thinner 
skin,  than  was  the  one  from  which  they 
spring.  A.nd  that  dividing  into  twos 
goes  on  and  on,  the  tubes  becoming  finer 
with  every  division,  until  the  pipes  which 
are  at  last  produced — the  final  divisions 
of  the  windpipe  in  the  lungs— are  as  tiny 
as  the  hairs  on  our  heads.  There  are  a 
very  great  many  of  these  in  each  lung ; 
and  every  one  of  them  has'  a  little  swell- 
ing at  its  end,  looking  like  a  red  currant 
upon  its  stalk,  only  smaller  than  a  pin's 
head  and  not  quite  round.  These  little 
swellings  are  called  the  air-sacs.  They 
are  hollow,  like  tiny  bladders  ;  and  all 
round  them,  inside,  the  skin  of  which 
they  are  made  is  bulged  out  into  little 
recesses,   like    caverns    in    their   walls  ; 
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these  are  the  air-cells.  All  these  are 
filled  with  air  when  we  draw  our  first 
breath,  and  constantly  replenished  with 
fresh  air  by  our  respirations. 

The  air  which  comes  out  of  the  mouth 
at  any  moment  is  not  all  the  very  same 
air  that  was  drawn  in  a  few  seconds  before; 
some  of  that  which  is  breathed  out  has 
been  right  away  through  all  those  pas- 
sages that  have  just  been  described,  and 
some  of  the  breath  that  was  drawn  last 
is  now  making  its  way  down  toward  the 
air-sacs. 

The  air-sacs  and  the  smaller  bronchial 
tubes  are  always  full  of  air ;  but  the  air 
rushes  in  and  out  of  the  bronchi  and  the 
larger  tubes  each  time  we  breathe.  As 
the  air  goes  in  and  fills  these,  the  chest 
swells  up  ; v  as  it  comes  out,  the  chest 
sinks  down  again. 

Draiving  in  breath  is  called  Inspiration: 
sending  out  breath  is  Expiration  :  and  the 
whole  act  of  breathing,  inspiring  and  ex- 
piring together,  is  named  Bespiration. 
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IV. 

HOW   WE    DRAW    OUR . BREATH. 

The  effort  by  which  we  draw  air  into 
our  lungs  can  be  partly  controlled  by  our 
will.  We  can  make  ourselves  breathe 
quickly  or  slowly ;  we  can  draw  long 
breaths  or  little  gasps,  if  we  specially 
wish  to  do  either.  But  at  the  same  time 
our  will  is  not  really  required  to  act  in  the 
matter.  We  breathe  while  we  sleep,  and 
while  our  thoughts  are  quite  taken  up  by 
study.  More  than  that — we  cannot  stop 
breathing ;  and  if  you  try  to  hold  your 
breath,  you  will  find  that  before  many 
moments  are  over  you  positively  must 
inspire.  So  that  respiration  is  really  an 
involuntary  action, — that  is  to  say,  the 
act  of  breathing  goes  on  independently  of 
our  will. 

Respiration  is  performed  thus,  partly 
because  the  lungs  are  elastic,  partly  be- 
cause  of  the  way  in  which  some  muscles 
are  placed  in  relation  to  the  lungs. 

First :  because  the  lungs  are  elastic. 
The  bronchial  tubes  and  air-sacs  make  up 
nearly  half  the  substance  of  the  lung  ; 
and  nearly  the    other  half  consists    of 
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blood-vessels — i.e.,  pipes  having  the  blood 
flowing  through  them.  But  these  two 
varieties  of  tubes  are  supported,  and,  as 
it  were,  bound  together,  by  a  substance 
called  elastic  tissue.  You  can  guess  what 
are  the  peculiar  powers  of  that  substance 
from  hearing  its  name.  You  know  that 
if  you  take  a  piece  of  elastic,  and  pull 
it,  you  can  stretch  it  out  to  a  certain 
length ;  and  directly  you  let  it  go,  it 
springs  back  to  its  original  size.  Just 
so  does  this  elastic  tissue  of  the  lungs 
act.  It  is  stretched  by  the  air  being  drawn 
into  the  bronchial  tubes ;  but  it  returns 
to  its  first  size  directly  the  inspiration 
ceases,  and  so  presses  on  the  bronchi, 
and  pushes  the  air  out  of  them. 

Second :  because  of  the  way  in  which 
some  muscles  are  placed  in  relation  to 
the  lungs.  The  principal  one  of  these 
muscles  has  been  mentioned  already 
(page  33),  as  separating  the  chest  from 
the  abdomen.  The  lungs  are  fastened  on 
to  that  great  muscle,  the  diaphragm,  on 
its  upper  side.  The  other  muscles  which 
help  to  move  the  lungs  so  as  to  produce 
breathing  are  those  which  fill  up  the 
space  between  the  ribs.  Muscles  all  have 
a  power  of  their  own,  such  as  no  other 
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kind  of  tissue  in  the  body  possesses,  called 
contraction.  This  consists  in  becoming 
shorter,  and  at  the  same  time  thicker, 
when  they  are  required  to  do  so.  Our 
nerves  manage  all  our  muscles  ;  and  there 
is  one  portion  of  a  nerve  told  off,  so  to 
speak,  to  make  the  diaphragm  and  the 
muscles  between  the  ribs  keep  on  con- 
tracting and  expanded  regularly.  When 
the  diaphragm  contracts,  it  pulls  the 
elastic  tissue  of  the  lungs  downwards, 
and  puts  it  on  the  stretch  ;  thus  the  larger 
tubes  are  opened,  and  the  air  rushes  into 
them.  When  the  diaphragm  leaves  off 
contracting,  the  elastic  tissue  of  the  lungs 
acts  in  the  contrary  way  :  it  does  just  as  a 
piece  of  elastic  outside  the  body  would 
do  when  it  was  no  longer  pulled, — it 
shrinks  together  again  ;  and  so  the  air  is 
pushed  out  of  the  larger  tubes.  Then  the 
diaphragm  pulls  down  again,  and  the  air 
rushes  in  to  fill  the  tubes ;  and  the  elastic 
tissue  squeezes  them  and  empties  them 
once  more ;  and  so  on,  over  and  over 
again,  as  long  as  we  live.  The  muscles 
between  the  ribs  act  in  practically  the 
same  way  as  the  diaphragm,  but  the  details 
of  their  working  are  not  so  easily  under- 
stood. 
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The  process  described  above  happens 
from  fifteen  to  twenty  times  in  every 
minute.  If  a  man  be  watched,  his  chest 
will  be  seen  to  rise  (meaning  that  the 
diaphragm  has  contracted),  and  then  to 
fall  again  (when  the  elastic  tissue  of  the 
lungs  has  come  into  play),  about  fifteen 
times  a  minute.  Children  breathe  more 
frequently  than  growTL-up  persons  do. 


V. 

WHAT    IT    IS    THAT    WE    BEEATHE. 

The  pure  air  that  wre  should  always 
have  to  draw  down  into  our  lungs  differs 
in  more  than  one  respect  from  the  breath 
that  we  send  out  of  our  lungs  again. 

One  difference  is  very  easily  dis- 
covered: a  boy  shows  that  he  knows  it 
whenever  he  blows  on  his  fingers  in  the 
wrintry  weather  to  put  a  little  heat  into 
them.  The  breath  which  comes  out  of  the 
mouth  is  warmer  than  that  which  goes  in. 

But  there  are  other  and  more  im- 
portant differences  between  inspired  and 
expired  air,  which  can  only  be  found  out 
by  chemical  experiments.     One  such  ex- 


42  HOW   AND    WHY   WE    BBEATHE. 

periment  is  very  easily  performed,  and  is 
very  instructive,  so  that  I  shall  briefly 
describe  it ;  others,  with  much  more  in- 
formation upon  the  subject  than  I  have 
space  for  here,  can  be  found  in  the 
chapters  in  this  volume  upon  "  Air  and 
Ventilation." 

Buy  a  pennyworth  of  lime-ivater  at 
the  chemist's  shop,  and  put  a  little  of  it 
in  a  saucer  in  the  open  air ;  you  will  find 
that,  after  it  has  stood  for  some  hours  and 
been  stirred  up  and  allowed  to  settle  again, 
a  very  thin  white  film  gathers  upon  it, 
and  just  dims  and  thickens  its  clearness. 
Then  put  the  rest  of  the  lime-water  into 
a  wineglass,  and  breathe  into  it  through  a 
straw  :  half  a  dozen  of  your  breaths  will 
make  it  quite  milky-looking — far  more 
thick  and  turbid  than  it  became  by  stand- 
ing for  hours  in  the  fresh  air.  This  shows 
you  that  there  is  some  very  decided  dif- 
ference between  the  pure  air  wThich  we 
draw  into  our  lungs  and  that  air  which 
we  send  out  again  after  it  has  been  down 
into  our  bronchial  tubes. 

Scientific  persons  can  weigh  or  measure 
air ;  they  can  separate  it  into  parts,  and 
weigh  or  measure  each  part.  After  so 
doing,  they  can  tell  us  exactly  what  it  is 
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that  we  draw  in,  and  what  changes  have 
taken  place  in  that  breath  which  we  send 
out. 

They  find  that  pure  air  is  made  up  of 
three  different  gases,  mixed  together  in 
about  the  following  quantities  : — 

Of  Oxygen  Gas         2,100  parts, 

Of  Nitrogen  Gas      7,900  parts, 

Of  Carbonic  Acid  Gas     3  parts, 

in   every   ten   thousand   parts.      This   is 

what  we  breathe  in. 

But  air  which  has  passed  through  the 
lungs  is  found  to  be  composed  of — 
Nitrogen  Gas  7,900  parts, 

Oxygen  Gas  about  1,700  parts, 
Carbonic  Acid  Gas      400  parts, 
in  every  ten  thousand  parts. 

Thus,  you  see,  air  in  passing  through 
the  lungs  has  oxygen  removed  from  it,  and 
carbonic  acid  added  to  it ;  only  the  nitro- 
gen remains  untouched  by  the  respiration 
of  the  air. 

That  which  we  breathe  out  differs  from 
that  wThich  we  draw  in,  further,  in  the 
amount  of  water  that  it  contains.  Glass 
is  dimmed  when  we  breathe  upon  it  by 
the  watery  vapour  that  comes  from  our 
lungs  in  expired  air. 

Finally,    breath    leaving    the    mouth 
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differs  from  breath  entering  the  mouth 
by  the  presence  in  the  first-named  of  a 
little  animal  matter.  It  is  this  which 
gives  such  a  sickly  smell  to  the  air  in 
an  ill-ventilated  hall  or  any  similar  place 
in  which  people  have  been  unhealthily 
crowrded  together  every  day  for  a  long 
time. 

To  sum  up  all  this  in  one  sentence, 
that  you  may  remember  it :  The  air  which 
we  inspire  (or  breathe  in)  differs  from  that 
which  we  expire  (or  breathe  out).  Both 
are  made  up  of  the  gases  called  oxygen, 
nitrogen,  and  carbonic  acid  ;  but  expired 
air  contains  more  carbonic  acid  and  less 
oxygen  than  fresh  air  does.  Expired  air 
has  in  it  also  some  watery  vapour  and 
some  waste  animal  matter. 


VI. 

THE    BLOOD. 

I  think  you  must  be  wondering  where 
the  oxygen  goes  to,  and  where  the  car- 
bonic acid  comes  from,  while  the  breath 
is  in  the  bronchi  and  the  air-cells. 

On  pages  38,  39  you  will  find  it  men- 
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tioned  that  a  good  deal  of  the  substance  of 
each  lung  consists  of  blood-vessels.  These 
are  pipes  which  have  blood  in  them. 
Every  air- sac  is  surrounded  by  a  network 
of  very  tiny  little  pipes,  which  are  smaller 
than  our  hairs,  but  yet  contain  blood. 
The  oxygen  goes  out  of  the  air  sacs  into 
these  blood-vessels,  and  is  mixed  up  with 
the  blood,  while  the  carbonic  acid  passes 
out  of  the  blood  into  the  air-passages. 

We  all  know  what  blood  looks  like  to 
the  eye  :  it  is  a  red  fluid  which  becomes 
thick  (or,  as  it  is  called,  clots)  when  there 
is  much  of  it  shed  outside  the  body.  But 
when  this  same  fluid  is  looked  at  through 
the  microscope  it  is  found  to  be  very  much 
more  wonderful  than  it  appears  to  the  eye 
alone.  We  find  that  blood  really  is  com- 
posed of  a  white  fluid,  with  a  great 
number  of  tiny  round  red  particles  and  a 
smaller  number  of  white  particles  floating 
in  it.  These  particles  are  called  the  blood- 
corpuscles, — red  and  white  respectively. 

There  are  so  many  red  corpuscles  that 
they  give  the  colour  to  the  blood.  They 
are  perfectly  circular,  and  flattened;  in 
other  words,  their  shape  is  that  of  a  piece 
of  money,  only  they  are  very,  very  much 
tinier  than   even   the    smallest    coin   is. 
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You  cannot  see  them  at  all  without  a 
strong  magnifying  glass.  They  are  about 
one  three-thousandth  of  an  inch  round ; 
if  you  look  at  a  measure  and  see  how  long 
an  inch  is,  you  may  perhaps  just  be  able 
to  imagine  how  very  tiny  a  red  blood- 
corpuscle  must  be. 

There  are  about  300  times  as  many  of 
these  red  corpuscles  in  the  blood  as  there 
are  white  ones. 

Now,  the  red  corpuscles  of  the  blood 
have  the  power  of  taking  up  gases,  as  a 
sponge  has  the  power  of  sucking  in  water. 
Oxygen  gas  can  mix  with  the  blood  by 
getting  into  the  red  corpuscles ;  and  so 
cam  carbonic  acid  gas.  Blood-corpuscles 
that  have  got  much  ox3^gen  in  them  are 
a  lighter  red  than  those  that  have  a  great 
quantity  of  carbonic  acid — the  darker  red 
blood  is,  the  more  carbonic  acid  it  has 
in  it. 

But  the  blood  in  the  small  blood-vessels 
of  the  lungs,  and  the  air  in  the  air-cells, 
are  kept  apart  from  each  other,  as  you 
know,  by  two  fine  skins — by  the  skins  of 
which  the  blood-vessels  and  air-cells  are 
themselves  made.  Oxygen  cannot  get 
into  the  blood,  nor  can  carbonic  acid  get 
out  of  it,  in  the  simple  way  in  which  the 
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gas  was  passed  from  the  mouth,  into  the 
lime-water  in  the  experiment  described  in 
the  last  chapter.  There,  the  carbonic 
acid  was  sent  down  through  a  tube,  the 
open  end  of  which  was  in  the  fluid  that 
the  gas  mixed  with ;  but  here,  the  gas 
(oxygen)  can  only  mix  with  the  fluid 
(blood),  and  the  other  gas  (carbonic  acid) 
can  only  get  out  of  the  blood-corpuscles 
by  passing  through  thin  skin. 

Well,  experiments  carried  on  outside 
the  body  show  that  gases  can  pass  through 
fine  skins.  If  a  bladder  is  filled  with  a 
gas — say,  for  example,  with  oxygen — and 
then  put  into  a  bottle  full  of  another 
gas,  such  as  carbonic  acid,  the  two  gases 
will  mix  with  each  other  by  degrees.  The 
oxygen  will  get  out  of  the  bladder,  and 
the  carbonic  acid  will  get  into  it ;  so  that 
in  time  they  mix  together  almost  as  well 
as  if  one  had  been  poured  into  the  other, 
and  as  though  there  had  been  no  skin  to 
keep  them  apart. 

Now,  whenever  a  certain  thing  alivays 
happens  under  certain  circumstances,  with- 
out any  exception,  it  is  said  to  occur  ac- 
cording to  a  lata  of  nature.  This  mix- 
ing together  of  gases  is  something  which 
always   happens    under   certain    circum- 
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stances  ;  and  accordingly  it  is  said  that 
the  carbonic  acid  gets  out  of  the  blood- 
corpuscles  into  the  air-cells,  and  so  out  of 
the  body,  while  the  oxygen  gets  into  the 
blood,  by  the  law  of  the  diffusion  of  gases. 


VII. 

THE    CIRCULATION    OF    THE    BLOOD. 

Now  you  have  heard  how  the  oxygen 
out  of  the  breathed-in  air  gets  into  the 
blood ;  and  you  have  heard  how  the  blood- 
corpuscles  take  it  up  ;  and  how  the  place 
of  that  oxygen  is  supplied  in  expired  air 
by  carbonic  acid  gas,  which  comes  out  of 
the  blood-corpuscles  and  is  passed  out 
of  the  lungs  through  the  windpipe ;  but 
wThat  becomes  of  the  oxygen  that  is  taken 
in,  and  how  the  carbonic  acid  is  made, 
and  what  use  the  blood  is  in  the  body, 
are  all  things  yet  to  be  explained. 

You  will  recollect  that  all  about  breath- 
ing was  included  in  the  big  word  "  respi- 
ration." I  have  now  to  go  on,  in  telling 
you  why  we  breathe  oxygen  in  and  car- 
bonic acid  out,  to  another  branch  of  the 
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subject — I  have  now  to  speak  about  the 
circulation  of  the  blood. 

The  word  "  circulation"  means  "going 
round  " ;  and  that  is  what  the  blood  in 
our  bodies  is  always  doing.  The  blood- 
corpuscles  that  take  the  oxygen  out  of 
one  breath  are  gone  out  of  the  capillaries 
of  the  lungs  before  the  next  breath  is 
drawn,  and  are  rushing  away  to  some 
other  part  of  the  body. 

Whatever  part  of  the  body  of  an  animal 
is  cut  open,  is  found  to  have  in  it  the 
pipes,  called  blood-vessels,  in  which  the 
blood  circulates.  Some  of  them  are  like 
those  of  which  you  have  already  heard 
as  surrounding  the  air-cells  in  the  lungs, 
and  which  it  was  mentioned  are  finer 
than  our  hairs;  but  others  are  much 
larger  than  this,  and  can  quite  easily  be 
traced  with  the  naked  eye.  Some  of 
these  larger  ones  have  very  dark-coloured 
blood  in  them,  while  some  contain  much 
brighter-red  blood.  You  will  recollect 
that  the  more  carbonic  acid  blood  has  in 
it  the  darker  is  its  colour.  Those  blood- 
vessels that  contain  dark  blood  are  called 
the  veins;  those  that  carry  the  lighter 
red  blood  are  named  arteries;  and  the 
tiny,  tiny  little  pipes  are  called  capillaries , 

4 


50  HOW    AND    WHY   WE    BEEATHE. 

which  means  "like  hairs,"  because  they 
are  so  very  small. 

When  we  examine  these  tubes  very 
carefully,  we  discover  that  the  hair-like 
capillaries  form  a  network,  and  that 
this  serves  as  a  passage-way  between  the 
arteries  and  the  veins ;  if  we  trace  back 
from  any  point  in  the  capillary  network, 
we  come  to  an  artery,  and  if  we  return  to 
the  same  capillary  and  follow  along  it  in 
the  opposite  direction,  we  come  to  a  vein. 
In  fact,  in  any  part  of  the  body,  an  artery 
and  a  vein  are  found  to  be  like  two  great 
streets,  and  the  capillaries  like  a  lot  of 
little  lanes,  through  which  you  must  find 
your  way  to  get  from  one  of  the  streets  to 
the  other. 

Moreover,  since  the  blood  is  a  bright 
red  in  the  arteries  and  a  dark  red  in  the 
veins,  you  see  that  it  must  get  changed 
in  the  capillaries.  If  you  saw  a  little 
poodle  dog,  beautifully  clean  and  white, 
go  out  of  the  one  big  street  into  the  lot 
of  narrow  lanes,  and  presently  you  saw 
him  again  come  out  in  the  other  big 
street,  all  dirty  and  covered  with  mud, 
you  would  know  that  he  must  have  picked 
up  that  dirt  in  the  narrow  lanes.  Just 
so  with  the  colour  of  the  blood. 
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Now  you  know  that  the  difference  in 
the  tint  of  the  blood  depends  upon  the 
quantity  of  carbonic  acid  it  has  in  it ;  so 
that,  you  see,  the  blood  must  lose  oxygen 
&>n<Lgain  carbonic  acid  as  it  passes  through 
the  capillaries  in  the  whol©  body,  just  as 
it  lost  carbonic  acid  and  gained  oxygen 
while  it  was  in  the  capillaries  of  the  lungs, 
surrounding  the  air-cells. 

This  is  one  discovery  that  we  should 
make  if  we  undertook  to  carefully  trace 
our  way  from  any  one  point  in  the  net- 
work of  capillaries.  By-and-by,  we  should 
make  another,  which  would  be  this  :  that, 
start  from  wherever  we  may,  we  get  round 
to  the  heart  at  last.  It  does  not  matter 
whether  we  go  to  the  arteries  or  the  veins  ; 
whichever  it  is,  we  have  only  to  keep  on 
following  the  course  of  the  tubes,  and 
by-and-by  we  get  to  the  heart.  In  fact, 
these  pipes  form  a  sort  of  a  ring,  a  perfect 
circle,  without  a  break  in  it.  The  heart 
is  the  centre  of  the  circle  ;  and  to  really 
understand  the  circulation  we  must  study 
it  a  little. 
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VIII. 

THE    CENTHE    OF    THE    CIBCULATION. 

In  the  chest,  between  the  two  lungs — 
right  in  the  middle,  but  with  its  point 
turned  towards  the  left  side — lies  the 
heart.  You  can  feel  it  throbbing  away  in 
your  breast  without  ceasing. 

The  heart  is  made  of  muscle.  When 
it  is  cut  open  it  is  seen  to  be  hollow  in- 
side, and  to  be  divided  into  four  cavities 
or  spaces.  First  it  is  divided  right  down 
the  middle,  from  top  to  bottom,  and  there 
is  no  hole  in  that  partition  through  which 
any  fluid  could  go  from  one  side  to  the 
other.  Then  each  of  those  halves  is 
divided  crossways ;  but  this  division  is 
not  quite  complete, — it  is  only  like  a  door 
that  will  open  and  shut.  It  consists  of 
movable  flaps  of  skin,  and  fluid  can  pass 
through  these  from  the  top  to  the  bottom 
part,  in  each  half  of  the  heart ;  but  when 
the  bottom  part  is  full  of  blood,  the  tips 
of  the  flaps  of  skin  just  meet  in  the 
middle,  so  as  to  prevent  the  fluid  from 
running  back  to  whence  it  came. 

The  top  parts  are  called  the  right  and 
the  left  auricles ;  the   bottom  parts   are 
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the  right  and  the  left  ventricles  ;  and  the 
flaps  of  skin  which  divide  each  auricle 
from  the  ventricle  of  the  same  side  are 
the  valves  of  the  heart. 

Blood-vessels  begin  or  end  in  each  of 
those  four  divisions  of  the  heart.  In  both 
auricles  and  in  both  ventricles  you  see 
the  openings  of  very  large  pipes,  through 
which  the  blood  runs  into  and  out  of  the 
heart. 

Out  of  the  left  ventricle  goes  the  largest 
artery  in  the  whole  body — a  big  pipe 
called  the  aorta.  All  the  arteries  in  the 
body  are  made  out  of  this  one,  in  just  the 
same  way  that  all  the  bronchial  tubes  are 
made  out  of  the  windpipe.  The  aorta 
runs  down  in  front  of  the. backbone,  and 
when  it  gets  as  far  as  the  loins  it  divides 
into  two  rather  narrower  arteries.  Then 
those  two  divide  again  to  make  four 
rather  smaller ;  and  the  four  divide  and 
form  eight  smaller  still.  This  goes  on 
and  on,  until  at  last  the  capillaries  are 
made.  In  fact,  the  capillaries  are  the 
final  divisions  of  that  large  artery. 

I  want  you  quite  to  understand  what 
a  very  large  number  of  capillaries  there 
are.  They  are  in  every  part  of  the  body, 
near  the  outside   and   deep  down  alike; 
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and  they  are  so  close  together  that 
you  cannot  even  prick  yourself  without 
breaking  open  some  one  of  the  branches 
of  this  network  of  tiny  blood-vessels. 

Well,  the  capillaries  form  a  network; 
but  presently  two  capillaries  join  into 
one  another — and  the  single  rather  larger 
pipe  which  is  thus  made  is  a  vein.  Then 
two  of  these  little  veins  join  together  and 
make  a  larger  one  and  so  on  :  exactly  the 
opposite  to  that  which  happened  with 
the  arteries.  At  last  we  get  made  in  this 
way  the  two  largest  veins  in  the  body; 
and  these  open  into  the  right  auricle. 

Thus,  you  see,  the  largest  arteky  leads 
out  of  the  left  half  of  the  heart,  ivhile  the 
largest  vein  comes  bach  into  the  eight  half 
of  the  heart ;  and  you  remember  there  is 
a  complete  division  between  the  two  halves 
of  the  heart.  How  does  the  blood  get 
from  that  side  to  which  the  veins  bring  it 
back  round  to  the  other  side,  from  which 
the  aorta  takes  it  away  over  the  body  again  ? 

Why,  it  goes  round  through  the  lungs. 
It  gets  out  of  the  right  side  of  the  heart 
through  the  great  artery  of  the  lungs,  the 
pulmonary  artery.  This  artery  opens  out 
of  the  right  ventricle ;  it  divides  at  once 
into  two  branches,  one  of  which  goes  into 
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each  lung,  and  separates  again  and  again 
into  twos  in  the  substance  of  the  lung, 
until  it  makes  those  capillaries  of  which 
you  have  already  heard,  that  surround 
the  air-cells,  and  out  of  which  the  car- 
bonic acid  gas  is  taken.  Then  two  of 
the  lung  capillaries  join  to  make  a  vein, 
and  two  of  those  small  veins  join  to  make 
a  larger  one,  and  so  on,  just  as  happened 
in  the  whole  body,  till  at  last  four  great 
veins  are  formed  (the  pulmonary  veins), 
and  these  open  into  the  left  auricle — the 
opposite  half  of  the  heart  to  that  from 
wrhich  the  pulmonary  artery  went  out  to 
take  the  blood  into  the  lungs,  and  the 
same  side  from  which  the  aorta  starts  to 
take  it  away  over  the  body. 

Thus,  the  heart  is  the  centre  of  the 
circulation ;  the  blood  goes  from  it  over 
the  whole  body,  returns  to  it  to  be  sent 
into  the  lungs,  and  comes  into  it  again 
from  thence  to  go  off  once  more  all  over 
the  body.  But  the  heart  is  more  than 
this  ;  it  is  likewise  the  power  which  sends 
the  blood  along.  The  heart  is  really  like 
a  great  pump.  When  you  feel  it  beating 
against  your  hand  laid  upon  your  side, 
remember  that  every  throb  marks  the 
pumping  into    the   aorta    or  pulmonary 
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artery  of  a  fresh  quantity  of  blood ;  and 
the  force  given  by  that  stroke  of  the  heart, 
added  to  the  elastic  pressure  of  the  stuff 
of  which  the  blood-vessels  are  made,  will 
carry  that  blood  all  through  the  arteries, 
the  capillaries,  and  the  veins,  back  to  the 
other  side  of  the  heart  again. 

The  heart  does  this  because  it  is  made 
of  muscle,  and,  like  all  muscle,  has  the 
power  of  contraction — that  is,  of  drawing 
itself  together,  becoming  at  one  time 
thicker  and  shorter.  If  you  think  for  a 
moment,  you  will  see  that  when  the  sides 
of  a  hollow  cavity  become  all  at  one  time 
shorter  and  thicker,  they  draw  near  to  one 
another,  and  the  space  becomes  very  small. 
This  is  what  happens  in  the  heart.  Some 
blood,  for  instance,  runs  out  at  the  top  of 
the  pulmonary  veins  into  the  left  auricle ; 
the  left  auricle  contracts,  so  that  its 
sides  get  near  together,  and  the  blood  is 
squeezed  down  through  the  valve  into 
the  left  ventricle ;  then  that  ventricle 
contracts,  and  the  blood  is  pushed  out 
from  between  its  sides  into  the  aorta,  and 
goes  on,  from  that  great  squeeze,  through 
all  the  branches  of  the  artery,  through  the 
capillaries  in  which  they  end,  and  back 
through  the  veins  into  the  right  auricle. 
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The  right  auricle  contracts,  and  the  blood 
is  squeezed  into  the  right  ventricle ;  that 
pushes  it  on  into  the  pulmonary  artery, 
and  so  it  goes  through  the  lungs,  and  round 
into  the  left  auricle  once  more. 

About  a  wine-glassful  of  blood  is  pushed 
on  its  course  with  every  beat  of  the  heart. 


IX. 

THE     REASON    WHY. 

All  this  that  I  have  been  telling  you 
about  happens  for  important  purposes. 
You  will  already  have  seen  that  we  breathe 
for  the  purpose  of  taking  in  oxygen  and 
sending  out  carbonic  acid ;  and  that  the 
blood  circulates  to  carry  away  oxygen 
from  the  lungs  and  bring  carbonic  acid 
back  to  them.  You  know  that  the  tubes 
which  carry  blood  away  from  the  heart 
are  arteries,  and  that  they  have  in  them 
the  bright  red  blood  fresh  from  the  lungs  ; 
that  the  veins  are  the  tubes  which  bring 
bach  the  dark  carbonised  blood  to  the 
heart ;  and  that  the  capillaries  are  very 
tiny  tubes  leading  from  the  arteries  to  the 
veins,  both  in  the  lungs  and  in  the  whole 
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body,  and  that  in  them  the  blood  is  altered 
in  colour,  and  in  the  proportion  of  carbonic 
acid  and  oxygen  which  it  has  in  it.  Now 
I  must  tell  you  briefly  why  this  alteration 
is  necessary  to  our  life. 

Carbonic  acid  gas  is  made  of  two 
things ;  of  oxygen  and  of  carbon.  This 
last-named  is  contained  in  the  food  we 
eat ;  the  digested  food  is  carried  round  in 
the  blood,  and  the  carbon  becomes  a  part 
of  our  bodies  everywhere.  As  the  oxygen 
passes  in  the  blood  through  the  very  thin- 
skinned  capillaries  of  the  body,  it  can  act 
upon  the  carbon  which  is  in  the  tissues ; 
for,  you  remember,  a  thin  skin  cannot 
keep  a  gas,  such  as  oxygen,  shut  inside  it. 
So  the  oxygen  gets  out  of  the  blood  and 
mak^s  carbonic  acid  gas,  which  goes  back 
into  the  capillaries  and  alters  the  colour 
of  the  blood.  Then  this  dark  blood  goes 
on  through  the  veins  into  the  heart,  and 
so  to  the  lungs,  there  to  take  in  more 
oxygen  and  get  rid  of  the  carbonic  acid. 

Oxygen  and  carbon  mix  inside  us  to 
make  our  heat  and  our  strength ;  the  heat 
of  our  bodies  is  kept  up,  and  the  force 
by  which  we  do  everything  is  produced, 
in  this  way,  as  truly  as  the  heat  and 
moving-power  of  a  steam-engine  are  pro- 
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duced  by  the  burning-up  of  coal.  The 
carbonic  acid  which  is  made  in  the  course 
of  it  is  waste,  just  like  the  ashes  that 
come  from  the  burning  of  coals;  and  it 
has  to  be  cleared  away  from  our  bodies 
for  the  same  reason  that  ashes  must  be 
cleared  from  a  grate.  If  the  dust  is  left 
in  the  stove  it  gets  choked  up  ;  if  the 
carbonic  acid  is  left  in  our  blood,  as 
happens  when  we  live  always  in  bad,  close 
air,  that  has  not  enough  oxygen  in  it,  we 
get  stuffed  up  and  very  ill. 

Plants  remove  carbonic  acid  from  that 
air  which  they  breathe  through  their  pores, 
and  return  to  it  oxygen ;  this  is  how  the 
atmosphere  is  kept  pure,  and  full  of  fresh 
oxygen  for  our  use. 
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WHY   WE    WANT    FOOD 

To  support  life  and  keep  in  good  health 
we  must  have  a  constant  supply  of  food ; 
not  of  one  sort  alone,  but  of  many,  for  our 
bodies  are  made  up  of  different  parts,  and 
were  we  to  have  but  one  kind  of  food  we 
should  soon  decay  and  die. 

Amongst  the  foods  which  nature  puts 
before  us,  some  are  more  nourishing  than 
others,  and  therefore,  in  choosing  our  diet, 
we  should  try  and  select  those  which  give 
the  greatest  support  at  as  little  cost  as 
possible.  Other  things  have  also  to  be 
thought  of,  such  as  age,  climate,  and  the 
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time  of  year  :  for  we  ought  not  to  give  to 
a  young  child  the  same  food  as  we  should 
to  a  strong  man  ;  nor  should  we  eat  quite 
the  same  things  in  winter  as  wTe  should  in 
summer;  for  people  who  dwell  in  cold 
parts  of  the  world,  such  as  Greenland, 
are  obliged  to  eat  very  different  kind  of 
food  from  those  who  inhabit  hot  coun- 
tries, like  India.  In  winter  we  want  more 
heat  put  into  our  bodies,  and  we  should 
therefore  eat  more  heat-forming  food, 
such  as  meat ;  but  in  summer  we  do  not 
require  so  much  heat,  and  it  is  better  for 
us  then  to  take  more  green  food,  such  as 
vegetables  and  fruit. 

We  all  know  that  a  fire  will  go  out  if 
coals  are  not  supplied  as  often  as  wanted. 
It  is  just  the  same  thing  with  our  bodies, 
which  require  a  certain  quantity  of  heat 
to  make  our  tissues,  blood-vessels,  and 
nerves  do  their  proper  work.  This  heat 
is  given  by  food,  and  if  the  supply  is  not 
sufficient,  the  work  is  badly  done,  and  we 
fall  ill. 

It  is  fortunate  for  us  that  we  live  in 
England,  where  we  can  get  any  kind  of 
food  that  we  require,  and  are  not  obliged 
to  eat  the  same  thing  from  day  to  day,  as 
people  are  in  some  countries.     Not  only 
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is  change  needful  for  us,  but  it  is  pleasant 
to  our  taste  and  appetites,  which,  were 
given  to  us  that  we  might  enjoy  the  good 
things  of  the  earth,  as  long  as  we  do  not 
make  a  bad  use  of  them. 

Our  food  is  divided  into  solids  and 
liquids,  and  the  solids  consist  of  two  kinds ; 
those  which  come  from  the  animal  king- 
dom, such  as  fish,  flesh,  and  fowl,  and  those 
which  come  from  the  vegetable  kingdom, 
such  as  bread,  potatoes,  or  fruit.  Of 
liquids,  we  have  those  which  nature  gives 
us  in  the  purest  and  most  simple  form, 
such  as  water  and  milk,  as  well  as  those 
which  require  some  preparation,  and  any- 
foreign  growth,  such  as  tea  and  coffee.  As 
we  shall  have  something  to  say  about  all 
these,  we  will  begin  the  next  chapter  with 
meat. 


II. 

MEAT. 


There  are  several  kinds  of  animals  in 
this  country,  whose  flesh  we  eat,  although 
they  differ  very  much  in  the  amount  of 
nourishment  which  they  yield.  Flesh  for 
the  most  part  consists  of  the  muscle  of 
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the  animal,  and  if  it  is  that  of  a  young  one, 
the  meat  will  be  more  tender  than  if  it  is 
old.  A  great  deal  depends  on  the  time 
of  year,  and  whether  we  eat  it  soon  after 
it  has  been  killed  or  not.  In  hot  conn- 
tries  meat  is  obliged  to  be  eaten  directly 
after  the  animal  has  been  killed,  for  it  is 
then  more  juicy  and  wholesome,  and  it 
would  not  keep  for  many  hours  without 
becoming  tainted  and  bad.  So  also  in 
hot  summer  weather  we  cannot  keep 
meat  so  long  as  in  winter,  and  must  be 
careful  to  watch  it,  so  that  it  may  be 
cooked  before  it  is  unpleasant  to  the 
taste. 

The  object  of  cooking  meat  before  we 
eat  it  is,  not  only  to  make  it  more  agreeable, 
but  also  more  easy  to  digest,  for  even 
in  savage  countries  it  is  seldom  eaten 
quite  raw.  There  are  several  ways  of  cook- 
ing, such  as  roasting,  boiling,  stewing, 
baking,  etc. ;  in  all  of  which  the  juices 
are  exhausted  from  the  meat  by  the  ap- 
plication of  heat.  That  which  is  roasted 
loses  more  in  weight  than  that  which  is 
boiled  ;  but,  on  the  other  hand,  it  contains 
within  it  more  nourishment  than  the  same 
quantity  of  boiled  meat  would.  But  if 
the  juice  or  broth  in  which  the  meat  is 
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boiled  is  eaten  together  with  the  meat, 
then  indeed  boiled  meat  is  more  nourish- 
ing than  roast.  But,  whether  roast  or 
boiled,  it  must  not  be  kept  before  the  fire 
or  in  the  boiling  water  too  long,  or  else 
all  the  juice  will  be  lost,  and  the  meat 
will  become  hard  and  not  fit  for  nourish- 
ment. 

The  meats  which  are  most  commonly 
used  in  this  country  are  beef,  mutton, 
lamb,  veal,  and  pork.  Beef,  or  the  flesh 
of  the  ox,  is  the  most  economical  and 
the  most  nourishing  of  them  all ;  partly 
because  it  is  closer  in  its  substance  than 
the  others,  and  partly  because  it  contains 
more  of  the  flesh-forming  materials  in  it, 
and  also  because,  on  account  of  its  greater 
firmness,  it  loses  less  in  cooking  than 
mutton  does.  Legs  and  shins  of  beef  are 
of  more  value  than  in  any  other  animal, 
for  they  contain  so  much  more  gelatine  ; 
and  for  this  reason  they  are  specially 
suited  for  making  beef-tea,  the  most 
wholesome  diet  possible  for  sick  persons. 
Beef  is  more  easily  digested  than  either 
mutton,  veal,  or  pork,  and  usually  takes 
from  two  to  three  hours.  The  best  and 
richest  portions  of  the  ox  are  the  sirloin 
and  the  thick  ribs,  while  the  coarsest  and 
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the  cheapest  are  the  neck,  brisket,  and 
thin  ribs. 

Mutton,  or  the  meat  of  the  sheep,  is  a 
lighter  food  than  beef,  although  it  does 
not  contain  so  much  nourishment  in  the 
same  space.  Besides  this,  it  loses  more 
in  cooking  and  takes  a  longer  time  to 
digest.  The  most  useful  joint  of  mutton 
is  the  leg,  because  it  has  less  fat  and 
more  solid  meat  than  any  other  part. 
The  neck  has  much  more  bone  and  fat, 
and  is  therefore  not  so  economical  really, 
although  it  is  less  in  price.  The  shoulder 
is  coarser  than  the  leg,  while  the  breast 
has  a  larger  proportion  of  fat,  and  for  this 
reason  it  is  a  cheap  joint  to  purchase. 
Mutton  broth,  though  of  very  nice  flavour, 
has  not  really  the  same  strength  as  beef- 
tea,  and  is  therefore  not  so  useful  for  a 
sick  person.  Lamb  is  easier  to  digest 
than  mutton,  but  it  does  not  contain  so 
much  nourishment,  and  is  therefore  not 
such  a  profitable  meat  to  buy. 

Pork  is  in  many  ways  one  of  the  most 
useful  meats  that  we  have,  because  a  pig 
is  so  easily  and  cheaply  kept,  and  fattens 
so  much  more  quickly  than  other  animals. 
In  fact,  it  stores  up  in  its  body  nearly 
three  times  as  much  of  its  food  as  the  ox 
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does.  On  the  other  hand,  the  great 
quantity  of  fat  prevents  pork  possessing 
so  much  nourishment  as  either  beef  or 
mutton ;  and  moreover,  it  is  less  diges- 
tible, requiring  more  than  live  hours. 
This  appears  to  arise  from  the  peculiar 
hardness  of  the  fibre  of  the  meat,  which 
takes  away  very  much  from  its  value  as 
food.  The  leanest  portion  of  pork  is  the 
leg,  while  the  most  fat  is  found  on  the 
outside  of  the  body  ;  indeed,  so  plentiful 
is  it,  that  it  is  obliged  to  be  cut  off  and 
salted,  when  it  becomes  bacon.  This 
very  favourite  food  is  therefore  the  side 
of  the  pig,  preserved  by  salt,  so  as  to  pre- 
vent it  going  bad.  Bacon  must  be  salted 
with  great  care,  for  if  the  process  is  con- 
tinued too  long,  the  flesh  becomes  hard, 
and  if  not  long  enough,  it  will  not  keep 
properly.  Bacon  is  a  most  valuable  food, 
partly  because  it  can  be  kept  for  a  long 
time,  and  eaten  when  fresh  meat  perhaps 
is  not  to  be  had ;  and  partly  because  it  is 
as  easy  of  digestion  as  beef  and  mutton, 
while  the  flavour  is  exceedingly  nice. 
Even  the  dripping  of  bacon  during  the 
cooking,  eaten  with  bread  and  vegetables, 
makes  a  cheap  and  good  meal.  An  im- 
mense deal  of  pickled  pork   comes   into 
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this  country  from  Ireland  and.  America, 
where  pigs  are  reared  in  droves  of  thou- 
sands at  a  time  ;  but  American  bacon  is 
not  so  good  nor  so  economical  as  other 
kinds,  from  the  fact  of  the  pigs  being 
fattened  on  acorns,  which  makes  the  fat 
less  solid. 

Besides  the  meat,  there  are  many  parts 
of  an  animal  which  we  use  for  food,  and 
which  we  much  like.  An  ox  head  is  par- 
ticularly good  and  cheap,  because  it  con- 
tains so  much  meat  and  fat,  and  makes 
rich  nourishing  soup.  Sheep's  head  is  a 
very  common  diet  in  Scotland ;  while  a 
calf  s  head  is  rich  and  delicate.  The  liver 
of  the  pig,  called  fry,  is  a  favourite  dish ; 
but  it  is  not  so  nourishing  as  meat,  and  it 
ought  to  be  carefully  cooked,  as  it  is  some- 
times liable  to  be  filled  with  little  animals, 
called  flukes.  The  lights  or  lungs  are 
frequently  eaten,  as  is  also  part  of  the 
stomach  of  the  ox  under  the  name  of  tripe. 
These  contain  a  very  good  amount  of 
nourishment,  but  require  to  be  well  cleaned 
before  cooking.  The  sweetbread  of  a  calf 
is  rich,  but  far  too  expensive  for  ordinary 
food.  Finally,  the  feet  of  the  sheep,  called 
trotters,  of  the  ox,  called  cow-heel,  and  of 
the  pig,  are  all  very  good  to  eat,  and  as 
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they  contain  a  great  deal  of  gelatine,  they 
are  exceedingly  useful  for  making  jelly  for 
sick  people. 

Preserved  Provisions. 

Before  we  leave  altogether  the  subject 
of  meat,  it  will  not  be  amiss  to  say  a  few 
words  about  preserved  foods,  which  are  so 
extensively  used  in  England  at  the  pre- 
sent time.  Though  they  are  to  a  certain 
extent  prepared  in  this  country,  our 
largest  supplies  by  far  come  from  Aus- 
tralia and  South  America,  where  cattle 
are  very  numerous,  and  meat  is  very 
cheap.  The  consequence  is  that,  in  some 
shape  or  other,  an  immense  amount  of 
good,  wholesome  food  is  sent  over  to 
England,  and  very  much  more  indeed 
could  be  supplied,  if  it  were  not  for  the 
silly  ignorance  and  fancies  that  some 
people  have  against  tinned  meats.  It  is 
true  that  tinned  meat  lacks  a  certain 
amount  of  flavour  that  always  belongs  to 
freshly  killed  meat ;  but  it  contains  very 
nearly  as  much  nourishment  at  a  very 
much  less  cost ;  and  with  a  little  care 
and  thought  bestowed  on  it,  so  as  to 
cook  it  in  various  ways,  such  as   soup, 
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rissoles,  mince,  stews,  etc.,  it  is  surpris- 
ing what  excellent  dishes  are  the  result. 
Liebig's  Extract  is  one  of  the  well-known 
examples  of  this  kind  of  provision,  and  is 
very  useful  as  a  base  to  make  a  quickly 
prepared  soup ;  it  should  be  stated,  how- 
ever, that  it  is  not  in  reality  so  good  for 
sick  people  as  fresh  beef-tea,  although 
useful  enough  when  the  latter  is  not 
readily  to  be  had. 

Of  late,  too,  meat  has  been  brought 
over  with  great  success  from  Canada  and 
America  in  whole  joints,  preserved  by  ice, 
in  a  ship  built  for  the  purpose  ;  and  as 
meat  is  very  cheap  in  those  countries, 
and  the  cost  of  bringing  it  over  is  not 
very  great,  it  is  likely  that  an  enormous 
quantity  of  valuable  food  may  be  brought 
over  for  English  consumers.  There  are 
other  preserved  provisions  besides  meats, 
such  as  vegetables,  fish,  and  even  milk, 
which  is  now  a  very  common  article  of 
food.  The  latter,  however,  is  not  a  very 
wholesome  diet  for  babies,  as  it  contains 
too  much  sugar ;  otherwise  it  is  both  a 
cheap  and  useful  article  to  keep  in  the 
house,  and  is  often  most  valuable  in 
places  and  times  when  fresh  milk  is  not 
to  be  had. 
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III. 

FISH   AND    FOWL, 

Fish,  whether  salt-water  fish  inhabiting 
the  sea,  or  the  fresh-water  fish  of  our 
rivers,  is  at  once  a  cheap,  abundant,  and 
very  nourishing  food.  In  some  countries 
the  people  live  almost  entirely  upon  it; 
but  this  is  not  a  wholesome  practice,  for 
although  it  is  useful  for  a  change,  it  does 
not  do  to  eat  fish  for  a  long  time  to- 
gether without  a  due  proportion  of  meat. 
Amongst  the  many  varieties  that  we  have, 
some  are,  of  course,  more  useful  than 
others;  as,  for  instance,  the  salmon, 
which  has  red  blood,  nourishes  better 
than  a  sole  or  a  cod,  which  has  white 
blood.  In  considering  fish  as  food,  there 
are  several  things  to  be  careful  about ; 
such  as  its  being  in  proper  season,  and  its 
economy  as  compared  with  meat.  Some 
fish,  as  salmon,  turbot,  mullet,  smelts,  or 
oysters,  are  too  expensive  for  ordinary 
food,  and  are  only  seen  on  the  tables  of 
the  wealthy ;  others  again,  such  as  eels, 
are  too  rich  to  be  eaten,  except  very  occa- 
sionally ;  while  e^ven  the  more  common 
kinds  of  shellfish, '  such    as  mussels,    do 
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not  agree  with  everybody,  and  frequently 
bring  out  disagreeable  rashes.  The  her- 
ring, taking  it  altogether,  is  by  far  the 
cheapest  and  best,  and  contains  more 
nourishment  at  a  small  cost  than  any 
other  fish  can  yield.  Some  fish  are  more 
difficult  to  digest  than  others,  crabs  and 
lobsters,  for  instance,  not  being  so  whole- 
some as  mussels  or  oysters,  nor  yielding 
the  same  amount  of  nourishment.  Fish 
should  be  eaten  as  soon  as  possible  after 
it  is  taken  from  the  water  ;  for  if  it  is  in 
the  least  tainted,  it  is  apt  to  disagree 
with  the  stomach.  But,  except  at  the 
seaside,  it  is  not  easy  to  keep  fish  suffi- 
ciently fresh,  especially  in  hot  weather; 
and  it  is  then  safer  to  pickle  it  with  salt, 
by  which  a  great  risk  of  waste  is  avoided, 
and  the  fish  itself  made  more  wholesome. 
Poultry  must  be  looked  upon,  like  fish, 
as  a  most  useful  light  food,  especially  for 
sick  persons  ;  but  is  scarcely  one  upon 
which  we  can  live  altogether  without  re- 
quiring meat.  The  flesh  of  the  domestic 
fowl  is  very  easy  to  digest,  and,  in  pro- 
portion to  its  size,  it  affords  a  great  deal 
of  nourishment.  It  is  a  matter  of  much 
regret  that  more  attention  is  not  paid  in 
this  country  to  the  keeping  of  fowls  ;  for 
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they  may  be  fattened  at  a  very  small  cost, 
and  when  so  treated,  they  form  a  very 
cheap  and  useful  addition  to  our  food 
supplies.  Our  domestic  birds,  such  as 
fowls,  geese,  and  turkeys,  are  always 
eaten  when  fresh;  while  game  and  wild 
birds,  such  as  pheasants  or  partridges, 
have  to  be  kept  for  some  time  before 
cooking,  in  consequence  of  the  harder 
quality  of  the  meat.  The  number  of 
birds,  tame  or  wild,  that  are  good  to  eat 
in  this  country  is  very  large,  but  the 
greater  part  of  them  are  used  as  luxuries, 
being  too  dear  for  our  usual  food. 


IV. 

EGGS,  BUTTER,  AND  CHEESE. 

What  we  have  just  read  as  to  the  advan- 
tages of  keeping  fowls  for  food  is  still 
better  shown  in  the  case  of  eggs,  which 
are  used  in  this  country  to  such  an  extent 
that  we  have  not  nearly  enough  to  supply 
our  wants  ;  and  we  are  therefore  obliged 
to  bring  them  from  other  countries,  such 
as  France  and  Belgium,  at  the  rate  of 
some  millions  every  year.     Although  the 
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eggs  of  nearly  all  birds  are  "wholesome,  it 
is  principally  those  of  the  common  fowl 
which  we  eat ;  and  their  great  value  is 
shown  by  the  variety  of  ways  in  which 
eggs  can  be  cooked.  An  egg  is  at  once 
one  of  the  nicest  and  most  nourishing 
foods  that  there  is ;  and  it  consists  of  two 
parts  :  the  white,  winch  is  a  substance 
called  albumen,  and  the  yellow  or  yolk, 
which  is  of  richer  flavour  and  quality. 
By  boiling,  both  the  white  and  the  yolk 
become  thick,  and  if  the  egg  is  boiled  too 
long,  they  will  be  quite  hard,  and  not  so 
easy  to  digest.  When  they  are  partly 
boiled,  they  are  most  wholesome,  and 
require  about  three  hours  to  digest. 
Eggs  are  very  seldom  eaten  raw  in  this 
country,  but  when  mixed  wdth  a  little 
wine  or  brandy  they  are  valuable  for  a 
sick  person.  A  great  many  more  eggs 
are  used  for  cooking  than  for  eating 
alone ;  for  there  are  few  puddings  or 
pastries  which  can  be  made  without  them, 
and  some  dishes,  such  as  omelettes,  are 
almost  entirely  composed  of  them.  Eggs 
are  on  all  occasions  used  when  fresh  ;  but 
it  is  quite  possible  to  preserve  them  for 
a  very  long  time,  although  it  is  doubtful 
wrhether  they  are  then  so  wholesome,  and 
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it  is  quite  certain  that  they  are  not  nearly 
so  good. 

Butter  is  really  the  fat  of  the  milk  of 
the  cow,  and  although,  like  other  fats,  it 
is  useful  for  forming  heat  in  our  bodies, 
it  is  not  so  valuable  in  the  way  of  nour- 
ishment. We  therefore  eat  butter  in 
small  quantities,  and  as  an  addition  to 
improve  the  flavour  of  our  bread.  It  is 
made  in  this  country  by  churning  the 
milk  or  cream,  a  process  which  requires 
great  care;  for  if  it  is  not  churned  equally, 
some  of  the  cream  will  be  turned  into 
butter,  while  the  rest  is  not  changed. 
After  the  churning  is  over,  the  butter- 
milk must  be  washed  out  from  the  butter. 
Great  care  should  be  taken  in  keeping 
fresh  butter,  for  it  has  the  property  of 
absorbing  into  itself  the  flavour  or  smell 
of  anything  that  may  be  near  it.  It 
should  therefore  never  be  placed  with 
meat  or  cheese,  or  anything  indeed  of 
which  it  may  afterwards  taste.  A  little 
salt  added  to  fresh  butter  is  very  useful 
for  making  it  keep.  About  half  an  ounce 
of  salt  to  the  pound  of  butter  is  sufficient, 
but  if  more  be  added,  it  then  becomes 
salt  butter,  which  is  sold  at  a  much 
cheaper  price  than  the  fresh. 
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Cheese  is  another  of  our  useful  foods, 
which  we  obtain  from  the  milk  of  animals, 
principally  from  the  cow ;  and  though 
there  are  so  many  different  kinds  of 
cheese,  this  depends  upon  the  way  in 
which  the  cheese  is  made,  the  kind  of 
pasture  upon  which  the  animal  is  fed, 
and  on  various  other  matters.  Cheese 
consists  mainly  of  a  substance  called 
casein  or  curd,  and  the  best  cheese  is 
that  which  is  made  from  unskimmed 
milk ;  for  when  the  milk  has  been 
skimmed,  the  cheese  will  not  contain  so 
much  butter,  and  will  therefore  be  poor. 
Cheese  is  usually  made  by  warming  the 
milk,  and  then  separating  the  curd  by 
means  of  an  acid  material  called  rennet, 
which  is  the  dried  inside  of  a  calf's 
stomach;  the  curd  is  then  put  into  a 
press  and  dried.  Cheese  is  very  largely 
eaten  by  some  people,  and  especially 
those  who  live  in  the  country  and  work 
out  of  doors  ;  it  is  both  nourishing  and 
gives  an  excellent  relish  to  bread.  Its 
value,  however,  as  a  food,  depends  on  the 
kind ;  for  cheese  which  is  poor  and  has 
much  curd  is  not  so  nourishing  as  a 
richer  one,  which  contains  more  butter 
and  fat.     Of  the  latter  are  those  known 
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as  Stilton,  Cheshire,  or  Cheddar,  named 
after  the  places  where  they  are  made 
best.  The  power  of  digesting  cheese 
differs  very  much  in  different  people, 
and  partly  on  whether  the  cheese  is  old 
or  new.  Generally  speaking,  it  takes 
from  three  to  four  hours,  but  old  cheese 
is  much  harder,  and  requires  a  longer 
time.  Very  large  quantities  of  this  useful 
food  are  sent  to  this  country  from  America, 
where  cheese  is  made  in  factories,  and 
not  in  farm-houses,  as  is  mostly  the  case 
in  England. 


V. 

VEGETABLE  FOODS. BREAD. 

We  have  seen,  although  very  briefly,  what 
are  the  chief  foods  that  we  are  in  the 
habit  of  using  in  this  country  from  the 
animal  kingdom,  and  we  must  now  look  at 
those  from  the  vegetable  kingdom,  which 
are  just  as  important  and  necessary  to 
our  health.  It  has  been  already  stated 
that  animal  foods  are  divided  into  flesh- 
forming  and  heat-giving  kinds.  It  is 
exactly  the  same  thing  in  the  vegetable 
kingdom,  some  foods,  such  as  the  seeds 
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and  fibres,  being  more  adapted  for  form- 
ing flesh,  while  those  vegetables  and 
fruits  which  contain  sugar  and  starch 
give  heat  to  the  body.  To  carry  on  life, 
therefore,  animal  food  is  not  an  actual 
necessity,  for  vegetables  furnish  our 
system  with  the  same  class  of  nourish- 
ment, and  indeed  there  are  many  people 
who  eat  little  or  no  meat.  Still,  most 
persons  have  been  so  accustomed  all  their 
lives  to  eat  meat  that  the  entire  leaving 
of  it  off  would  be  a  bad  thing ;  while, 
besides  this,  animal  food  is  more  easily 
and  quickly  digested  than  vegetable  food, 
and  we  can  do  with  a  great  deal  less 
of  it. 

By  far  the  most  important  and  uni- 
versal food  of  the  vegetable  kingdom  is 
bread,  the  staff  of  life,  without  which  we 
should  indeed  be  badly  off,  for  there  is  no 
food  in  the  world  which  meets  so  many 
necessary  wants  of  the  system.  Bread 
may  be  made  from  the  flour  of  a  great 
many  kinds  of  seeds,  such  as  oats,  rice, 
Indian  corn,  etc. ;  but  in  this  country  it 
is  nearly  always  made  from  wheat,  that 
wonderful  plant,  which  flourishes  almost 
all  over  the  world,  except  in  very  hot 
places.     Such   an   enormous  quantity  for 
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bread  is  eaten  in  this  kingdom  alone, 
that  we  cannot  grow  nearly  enough  wheat 
to  supply  it.  It  is  said  that  more  than 
five  millions  of  tons  are  used  every  year, 
so  that  we  are  obliged  to  buy  a  great  part 
of  this  from  other  countries,  such  as 
Eussia  and  America.  Most  of  us  have 
been  in  a  cornfield  and  plucked  an  ear  or 
two  from  the  sheaf ;  but  few  of  us,  perhaps, 
have  any  idea  of  the  number  of  useful 
elements  that  are  hidden  in  each  little 
grain  of  wheat ;  the  principle  of  them 
being  water  and  starch,  with  some  fibre, 
so  that  each  grain  is  both  a  flesh-former 
and  a  heat-giver ;  and  this  explains  why 
corn,  or  the  bread  that  is  made  from  it, 
is  the  most  valuable  food  that  we  have. 
If  we  were  to  carefully  pull  the  grain  to 
pieces,  we  should  find  that  it  consisted 
of  a  soft  inside  part,  where  the  starch  is 
contained,  and  a  number  of  very  thin 
coats  or  coverings.  The  outside  coat  is 
the  thickest  and  the  coarsest,  while  each 
of  the  others  are  of  more  and  more  value 
as  they  get  nearer  the  middle,  and  each 
contains  some  special  kind  of  nourish- 
ment. The  outside  coat  is  called  the 
bran,  which  is  the  least  nourishing  of 
them  all,  so  that  when  the  wheat  is  sent 
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to  the  miller  to  be  ground  into  flour,  lie 
separates  the  bran  as  much  as  possible, 
and  it  is  sold  by  itself.  Sometimes,  how- 
ever, it  is  mixed  with  the  other  flour,  and 
then  it  makes  brown  bread.  The  miller 
produces  several  kinds  of  flour,  varying 
from  the  finest  white  flour  to  the  coarsest 
bran ;  but  although  the  fine  white  flour 
is  the  most  expensive,  it  is  by  no  means 
the  most  economical  or  the  most  nourish- 
ing. What  the  miller  calls  "  pollards" 
contain  the  most  flesh-forming  materials  ; 
and  it  is  therefore  a  great  mistake  to  lay 
out  our  money  on  the  most  expensive 
white  bread.  From  the  miller  the  flour 
goes  to  the  baker,  who  mixes  together 
certain  proportions  of  flour,  water,  and 
salt,  so  as  to  produce  a  spongy  mass 
called  dough,  which  is  put  into  the  oven 
to  be  baked  into  loaves.  But  to  make 
the  dough  spongy  enough,  so  that  the 
bread  baked  from  it  may  not  be  close  and 
uneatable,  he  is  obliged  to  add  a  little 
yeast,  which  makes  such  a  curious  change 
in  the  dough,  that  gas  is  formed,  causing 
a  number  of  little  air  bubbles  to  appear. 
This  is  called  making  the  dough  to  rise. 
If  we  examine  a  piece  of  bread,  we  shall 
find   it   full    of  holes,    which   are   these 
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little  bubbles  cut  across.  This  process 
of  adding  yeast  is  called  fermenting  or 
leavening;  but  it  is  possible  to  obtain 
the  same  lightness  in  the  dough  by  using 
some  air  instead  of  yeast,  and  this  un- 
fermented  bread  is  thought  by  some 
people  to  be  more  wholesome  than  the 
ordinary  bread.  The  baker  must  not 
add  too  much  water,  or  his  bread  will 
not  be  easy  to  digest ;  nor  must  he  bake 
it  too  long  in  the  oven,  or  the  heat  will 
destroy  the  nourishing  parts.  Some 
people  are  very  fond  of  new  bread,  hot 
as  it  comes  out  of  the  oven ;  but  although 
it  is  very  nice,  it  is  certainly  not  so  easy 
to  digest  as  when  it  has  been  kept  a  short 
time,  and  some  of  the  water  in  it  is 
dried  up.  Great  care  should  be  taken  by 
the  miller  that  the  flour  should  be  pure 
and  of  the  best  kind,  and  by  the  baker, 
that  other  things  should  not  be  added 
so  as  to  make  the  bread  go  further ;  for 
in  general,  these  things  which  are  added 
take  from  the  nourishing  qualities  of  the 
bread,  and  it  is  very  dishonest  on  the 
part  of  the  baker  to  use  them.  Biscuits 
differ  from  bread  chiefly,  that  the  flour 
is  mixed  with  milk,  and  perhaps  sugar  or 
butter,  to  give   the   flavour.      They  are 
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then  rolled  out  thin  and  baked  hard,  and 
although  rather  dry  to  eat,  they  have  the 
advantage  of  keeping  longer  than  bread, 
although  they  are  not  so  easy  to  digest. 
Flour  is  also  largely  used  to  make  pie- 
crust or  pastry,  but  it  is  never  as  whole- 
some as  bread  or  biscuits,  especially  when 
made  very  rich,  and  persons  who  are  fond 
of  it  should  be  careful  to  eat  it  slowly. 
Brown  bread  is  a  good  deal  used  in  this 
country,  and  in  the  north  of  Scotland  or 
Ireland  barley  bread  and  rye  bread  are 
eaten,  as  the  soil  is  too  poor  to  grow 
good  wheat.  Brown  bread  is  thought  by 
some  persons  to  be  very  useful  to  help 
digestion,  but  it  should  never  be  used  for 
long  together. 


VI 

VEGETABLES    AND    FEUIT. 

Vegetables  appear  to  be  a  most  pleasant 
and  wholesome  class  of  food,  and  are  a 
very  necessary  change  from  animal  food. 
We  have  in  England  such  a  variety  from 
which  to  choose,  that  there  is  no  season 
in  the  year  that  we  cannot  procure  them. 
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The  most  common  and  most  valuable  is 
the  potato,  which  forms  a  portion  of  the 
dinner  of  almost  every  person  in  this 
country,  while  in  Ireland  hundreds  of 
thousands  make  it,  together  with  but- 
termilk, their  sole  food.  Potatoes,  like 
wheat,  contain  a  large  portion  of  starch, 
which  shows  its  value  as  a  heat-giver. 
They  also  have  a  good  deal  of  water  in 
them.  They  take  about  the  same  time 
for  digestion  as  bread,  although  new  and 
waxy  potatoes  require  more  than  old  or 
mealy  ones.  The  proper  cooking  of  pota- 
toes, although  it  appears  to  be  a  most 
simple  thing,  demands  much  care ;  if 
they  are  to  be  boiled,  they  should  be  put 
on  at  once  into  the  hot  water,  for  when 
soaked  in  cold  water  first,  they  lose  some 
of  their  nourishing  qualities.  Care  should 
also  be  taken  that  the  water  in  which  the 
potatoes  are  boiled  should  not  be  used  for 
anything  else,  as  it  is  unwholesome.  Ac- 
cording to  the  time  of  the  year,  we  have 
a  continual  succession  of  vegetables.  In 
the  summer  we  have  peas  and  beans, 
which,  though  very  nice,  are  not  so  whole- 
some as  other  kinds,  nor  so  easily  digested. 
The  former  of  these  is  most  useful  when 
dry,  for  making  pea-soup,  which  is  a  most 
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economical  article  of  diet.  In  the  winter 
we  have  carrots,  turnips,  parsnips,  beet- 
root, and  others  of  that  class,  all  of  which 
contain  starch,  and  are  very  useful  as 
heat-givers,  and  therefore  particularly 
valuable  as  winter  food.  Salads  are  a 
very  pleasant  addition  to  our  meals  in 
the  summer  time,  but  they  should  be 
eaten  in  moderation,  especially  when 
cucumber  forms  part  of  them,  as  this 
latter  is  apt  to  disagree  severely  with 
many  people. 

Fruits  are  not  so  varied  in  our  temperate 
clime  as  they  are  in  hot  countries,  where 
they  frequently  attain  a  great  size,  and 
are  an  important  article  of  food.  In  Eng- 
land they  are  more  used  for  their  pleasant 
taste  than  as  regular  diet.  Our  common- 
est fruits  are  strawberries,  currants,  goose- 
berries, plums,  apples,  and  pears,  all  of 
which  are  universal  favourites,  whether 
eaten  by  themselves,  or  used  in  making 
puddings  and  tarts,  or  preserved  as  jams 
and  jellies  ;  while  we  have  a  number  of 
other  kinds,  such  as  grapes,  peaches,  or 
pineapples,  which  require  so  much  care 
to  grow  them  that  they  are  too  expensive 
for  ordinary  use.  Apart  from  their  deli- 
cious flavour,  fruits  are  useful  to  our  sys- 
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terns  as  containing  a  great  deal  of  water, 
together  with  sugar  and  acids,  and  there- 
fore, when  eaten  with  due  moderation, 
are  most  wholesome.  But  unfortunately 
there  is  no  class  of  food  which  is  so  abused 
as  fruit,  and  it  very  often  gets  the  blame 
which  should  really  fall  on  the  person 
who  eats  too  much.  "We  depend,  how- 
ever, a  good  deal  on  foreign  countries  for 
our  dried  fruits,  and  the  orange,  which 
comes  principally  from  Spain,  is  one  of  the 
most  universally  liked  foods  that  there  is. 


VII. 

MILK,    CKEAM,    AND    SUGAR. 

Next  to  water,  the  purest  drink  that  we 
have  is  milk,  which  in  this  country  is 
always  furnished  to  us  by  the  cow,  al- 
though that  of  asses  and  goats  is  occa- 
sionally prescribed  for  sick  people.  Milk 
contains  in  its  natural  state  a  large  quan- 
tity of  water,  the  element  called  casein, 
which  we  have  seen  before  is  the  chiei 
thing  in  cheese,  together  with  sugar  and 
fat  and  some  acids;  but  it  differs  very 
much,  according  to  the  food  upon  which 
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the  cow  has  heen  fed,  and  for  other  rea- 
sons, and  the  milk  of  the  morning  is 
generally  poorer  than  that  of  the  even- 
ing. It  is  therefore  a  food  of  all  others 
which  offers  to  us  the  necessary  elements 
of  nourishment  in  its  simplest  and  best 
form.  When  milk  is  allowed  to  stand 
some  little  time,  and  especially  in  wide 
flat  dishes,  the  cream  is  soon  seen  to  rise, 
consisting  of  an  upper  and  thicker  layer 
of  the  little  globules  of  milk-fat  which 
collect  together  on  the  surface.  This  is 
usually  taken  away  and  sold  separately, 
the  body  of  the  liquid  underneath  being 
known  as  skim  or  skimmed  milk.  This 
of  course  is  much  poorer  in  milk-fat, 
though  it  is  somewhat  richer  in  sugar 
than  new  milk  is,  and  although  the  latter 
is  nicer  in  taste  and  altogether  more 
nourishing,  skim  milk  is  a  very  whole- 
some and  digestible  food. 

Some  people  have  a  notion  that  skim 
milk  is  not  worth  having,  but  this  is  quite 
a  mistake,  for  it  is  at  all  times  a  most 
useful  and  economical  article,  whether  it 
is  used  as  a  drink  or  for  cooking  purposes ; 
and  if  a  little  fat  or  suet  is  added  to  it,  it 
gives  it  the  same  richness  as  new  milk. 
The  acid  which  we  have  just  seen  is  pre- 
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sent  in  milk  is  called  lactic  acid;  and 
this  is  the  reason  why  milk  so  soon  turns 
sour.  Great  care  should  always  be  taken 
as  to  the  keeping  of  milk  in  a  nice  cool 
place  and  in  clean  vessels  ;  because  if  the 
least  portion  of  the  acid  from  the  previous 
milk  be  left  in  the  dish  or  jug,  it  is  quite 
enough  to  sour  the  whole  of  the  fresh 
milk.  It  is  of  the  greatest  importance 
to  the  health  that  milk  should  be  procured 
not  only  as  fresh  and  clean  as  possible, 
but  also  free  from  mixture  with  other 
things  ;  but  milk  is  unfortunately  often 
adulterated.  A  great  deal  of  milk  is  now 
thickened  and  preserved  under  the  name 
of  condensed  milk,  which  is  useful  when 
fresh  milk  cannot  be  got ;  but  care  should 
be  taken  that  young  children  are  not  fed 
upon  it  except  on  rare  occasions. 

Sugar  is  so  universally  used  as  a  sweet- 
ener of  our  tea  and  coffee,  as  well  as  used 
very  largely  for  cooking  purposes,  that 
we  must  say  a  few  words  about  it  here. 

The  great  sources  of  supply  are  the 
sugar  cane  of  the  West  Indies,  and  the 
beet-root,  which  is  grown  in  France  and 
Germany,  and  from  one  of  these  two 
plants  all  the  enormous  quantities  of 
sugar  which  are  used  are  obtained.     There 
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is  probably  not  one  single  article  of  food 
which  is  so  necessary  to  us  as  sugar. 
Indeed,  nature  has  shown  this  to  be  the 
case  by  its  so  constantly  being  found 
throughout  the  vegetable  kingdom,  as 
well  as  in  milk,  honey,  malt,  and  other 
substances. 
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IMPOETANCE    OF   FOOD    AND    DRINK. 

Food  and  drink  stand  foremost  amongst 
what  are  termed  the  first  necessaries 
of  existence  to  living  creatures.  Food 
furnishes  the  very  substance  of  their 
bodies.  It  supplies  the  actual  material 
by  which  these  grow,  and  by  which 
both  the  structure  and  the  actions  that 
are  essential  to  the  purposes  of  life  are 
maintained.  Drink,  in  its  turn,  plays 
a  part  which,  although  somewhat  differ- 
ent in  kind,  is  in  no  sense  less  important 
than   that   of   food.      What  happens   to 
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plants  when  they  are  deprived  of  their 
drink  is  familiar  to  every  one.  They 
first  languish,  and  then,  soon  afterwards, 
wither  and  die — that  is,  cease  to  be  living 
creatures.  So  also  with  animals.  If  they 
are  deprived  of  their  drink,  they  also 
languish,  and  at  last  lose  their  vitality. 
Animals  may  be  dried  away  into  death  as 
certainly  as  plants. 

The  chief  reason  for  this  result  is  that 
drink  is  the  agent  which  has  been  pro- 
vided by  nature  to  manage  the  transport 
of  food  into  the  interior  of  living  bodies. 
In  the  case  of  artificial  machines,  such 
as  the  steam-engine,  it  is  seen  that  the 
fresh  supplies  of  fuel,  or  food,  which  are 
required  to  maintain  the  active  operations 
of  the  mechanism  are  rudely  shovelled 
into  the  furnace  from  time  to  time.  In 
the  case  of  the  animated  machine,  a 
different  and  more  carefully  worked  out 
plan  has  been  devised.  The  supplies  are 
washed  in,  and  are  carried  by  the  washing 
into  every  cavity  and  chamber,  and  into 
every  acting  part  of  the  mechanism. 
This  washing  of  the  food  into  the  interior 
of  the  body  that  has  to  be  sustained  by 
its  consumption  is,  then,  the  great  service 
which  is  rendered  by  drink. 
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II. 

THE    STEUCTUEE     AND     AEEANGEMENT     OF    THE 
BLOOD-VESSELS. 

In  order  that  the  nourishing  food  may 
be  washed  into  all  parts  of  the  living 
body,  where  its  presence  is  required,  a 
number  of  delicate  and  very  perfectly 
formed  supply-pipes  are  laid  down  in  the 
several  textures.  These  supply-pipes  run, 
as  a  kind  of  branching  hose,  to  every  part 
of  the  body.  They  are  furnished  to  the 
flesh  and  bones  ;  to  the  liver  and  lungs  ; 
to  the  membranes  and  skin ;  to  the  nerves 
and  brain.  They  begin  at  the  heart.  A 
great  pipe,  or  vessel,  which  is  called  the 
main  artery,  goes  out  from  the  heart,  and 
then  divides  into  smaller  branches  and 
twigs,  until  these  pass  through  every  film 
and  filament  of  the  living  structure.  The 
furthest  twigs  are  so  fine,  indeed,  that 
they  cannot  even  be  seen,  until  they  are 
magnified  by  a  glass.  They  are  finer 
than  the  smallest  hairs.  But  they  still 
have,  notwithstanding  their  smallness, 
clear,  open  channels  along  their  interiors, 
and  they  are  made  of  elastic  substance, 
something  like    thinly   stretched    india- 
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rubber.  In  their  furthest  divisions,  these 
hair-fine  supply-pipes  form  an  expanded 
network,  which  fills  every  cranny  and 
nook  of  the  body,  and  so  makes  a  kind  of 
frame-work,  or  skeleton,  throughout  the 
substance  of  each  separate  texture. 

The  branching  twigs  of  this  network  of 
the  supply-pipes,  after  they  have  in  this 
way  penetrated  to  every  part  of  the  living 
frame,  are  at  last  gathered  up  again  into 
larger  and  larger  tubes,  until  all  finally 
terminate  in  one  trunk,  which,  in  its 
turn,  runs  to  the  heart.  The  supply- 
pipes  or  blood-vessels  of  the  body  thus 
form  a  continuous  system  of  channels, 
which  go  out  from  the  heart,  and  return 
to  the  heart,  and  which  on  that  account 
have,  in  reality,  no  closed  up  finish,  or 
end. 


III. 

THE    CIRCULATION    OF   THE   BLOOD. 

The  liquid  which  streams  through  this 
service  of  branching  pipes,  to  all  parts  of 
the  body,  thus  circulates,  or  moves  in 
circles  round  and  round,  out  from  the 
heart,  through  all  the  structures  of  the 
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frame,  and  back  to  the  heart.  This  it 
is  which  is  termed  the  circulation  of  the 
blood.  That  rich,  red  liquid,  which  is 
properly  the  solid  food,  suspended  or 
dissolved  in  the  drink,  is  flushed  through 
the  living  frame  at  every  stroke  of  the 
heart.  But  it  is  flushed  over  and  over 
again,  because  it  flows  back  to  the  heart 
after  it  has  streamed  through  the  fine, 
branching  vessels.  Each  time  the  heart 
beats,  a  jet  of  the  liquid  blood  is  flushed 
out  through  the  body ;  and  although 
there  are  from  twenty  to  thirty  pints  of 
blood  in  a  full-grown  man,  all  that  blood 
is  passed  through  the  expanded  network 
of  vessels,  and  back  to  the  heart,  at  the 
most  within  a  couple  of  minutes.  Thirty 
times  in  every  hour,  and  more  than  seven 
hundred  times  in  a  day,  the  entire  blood 
flows  round  and  round,  through  skin,  and 
flesh,  and  fibre,  and  brain,  in  this  endless 
and  never-ceasing  journey.  The  stream- 
ing blood  loiters,  or  flows  more  slowly,  in 
the  far  parts  of  its  journey,  where  it  is 
passing  through  the  expanded  network  of 
vessels,  because  this  altogether  affords, 
on  account  of  its  vast  expansion,  four 
hundred  times  more  space  for  the  flow 
than  the  single  supply-pipe  which  sends 
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blood  to  it.  This  virtually  serves  the  ex- 
cellent purpose  of  affording  the  streaming 
blood  the  better  opportunity  for  perform- 
ing its  appointed  work  of  nourishing  and 
renewing  the  textures,  because  it  is,  in 
them,  lingering  and  loitering  so  much  by 
the  way. 


IV. 

THE    PROPERTIES    OF    WATER. 

The  material  world,  of  which  the  race  of 
mankind  forms  so  important  a  part,  is 
made  of  an  almost  countless  variety  of 
substances,  that  differ  in  character  from 
each  other  according  to  the  particular 
purposes  which  they  have  to  serve.  But 
amongst  these  diverse  bodies  there  is  not 
one  that  is  more  worthy  of  attentive 
notice  and  study  than  the  liquid  which, 
under  the  familiar  name  of  "  water/'  is 
found  in  such  plentiful  abundance  almost 
everywhere.  The  most  notable  peculiar- 
ities of  this  plentiful  substance  are,  first, 
that  it  is  "  liquid  "  in  order  that  it  may 
flow.  If  a  piece  of  solid  ice  be  placed 
upon  the  ground,  it  lies  where  it  is  de- 
posited, like  an  immovable  stone.     But 
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when  this  lump  of  ice  is  melted  into 
"water,"  by  the  warmth  of  the  sunshine, 
it  no  longer  lies  still,  hut  begins  to  run 
away ;  that  is,  the  innumerable  little 
parts,  or  particles,  of  wThich  it  consists, 
then  roll  over  and  over  each  other  until 
they  all  get  to  the  ground,  and  afterwards 
go  on  rolling  over  and  over  upon  the 
ground,  if  that  happen  to  have  any  slope 
downwards,  until,  like  balls  running  down 
a  hill,  they  have  all  got  to  the  bottom,  or 
as  low  as  they  can  go.  The  faculty  of 
flowing  within  its  own  substance,  of  roll- 
ing its  own  little  particles  freely  about, 
and  of  allowing  each  one  to  fall,  merely 
by  the  influence  of  its  own  weight,  to  the 
lowest  position  it  can  find,  is  the  chief 
peculiarity  which  marks  the  character  of 
a  liquid  ;  and  water  is  the  great  liquid  of 
nature. 

It  is  in  consequence  of  this  free  rolling 
about  of  its  own  little  particles  that 
water  is  found  so  widely  distributed  upon 
the  earth.  It  descends  upon  the  moun- 
tains and  hill-tops,  as  rain ;  but  because 
it  is  a  liquid,  and  cannot  stand  still  where 
it  falls,  it  at  once  streams  along  as  rivulets 
down  the  hill-sides,  gathers  into  rivers 
in  the  valleys,  and  flows  on  to  the  basins 
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of  the  sea,  which  are  the  lowest  parts  of 
the  surface  of  the  earth.  From  the  sea 
it  steams  up  again  under  the  influence  of 
the  sun,  and  forms  vapours  and  clouds, 
which  are  drifted  along  by  the  winds 
back  to  the  hill-tops,  until  it  is  there 
again  poured  down  as  rain.  Such,  in 
general  terms,  is  the  contrivance  by 
which  it  is  provided  that  water  shall  be 
found  almost  everywhere  upon  the  solid 
ground,  as  well  as  in  the  sea-basins,  of 
the  earth. 

Another  of  the  marked  and  most 
serviceable  peculiarities  of  water  is  the 
power  which  it  possesses  of  rendering 
other  substances  liquid  like  itself.  If  a 
lump  of  white  sugar  be  put  into  a  glass 
of  pure  water,  it  disappears.  The  sugar 
is  dissolved  evenly  through  the  water. 
It  is  not,  however,  destroyed  when  it 
disappears.  It  can  still  be  tasted  as 
sweetness  in  the  water,  and,  indeed,  can 
be  got  back  from  it  unchanged  by  merely 
steaming  the  water  away.  The  same 
thing  occurs  with  a  considerable  number 
of  other  substances;  such,  for  instance, 
as  salt  and  gum.  This  power  of  dissolv- 
ing other  bodies  away  into  itself  without 
in  any  particular  changing  their  qualities 
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is  a  very  important  property  of  water,  for 
it  is  the  peculiarity  which  fits  it  so  effici- 
ently to  perform  its  office  of  conveyance 
or  carrying.  Thus  in  the  soil  the  water 
dissolves  a  great  number  of  things  as  it 
trickles  along,  then  carries  these  to  the 
rootlets  of  growing  plants,  next  washes 
them  up  into  the  inner  channels  of  the 
vegetable  tissues,  and  in  them,  at  last, 
as  an  honest  and  incorruptible  servant 
should  do,  it  gives  up  the  entire  load  it 
has  had  in  its  charge,  unaltered  and 
unchanged. 


V. 

THE    TRANSPORT    SERVICES    OF    DRINK. 

It  may  now  be  further  understood  that 
almost  the  same  process  is  followed  in 
the  feeding  of  living  animals.  The  more 
or  less  solid  substances  employed  as  food 
are  ground  between  the  teeth,  moistened 
in  the  mouth  with  saliva,  then  swallowed 
into  the  stomach,  and  there  mixed  with 
some  part  of  the  more  liquid  drink.  After 
a  certain  amount  of  further  pulping  and 
soaking  there,  or  of  digesting,  as  it  is 
termed,  the  liquid  milk,  or  emulsion,  that 
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is  the  result,  is  carried  on  along  the  pro- 
longation of  the  walls  of  the  digestive 
bag  until  in  the  end  it  is  sucked  through 
those  walls  into  a  series  of  collecting 
pipes.  These  then  carry  it  on  in  a  single 
channel,  or  tube,  provided  for  the  purpose, 
until  it  is  at  last  poured  into  the  interior 
cavity  of  the  heart,  and  there  churned 
up  with  the  flowing  stream  which  has 
already  been  described  as  passing  through 
the  heart  to  flush  all  the  channelled  tex- 
tures of  the  frame.  The  digested  food, 
thus  rendered  portable  by  drink,  when  it 
has  been  churned  up  with  the  onward 
flowing  stream  that  is  passing  through 
the  heart,  thenceforth  constitutes  the 
nourishing  liquid  of  the  body  which  is 
termed  "the  blood.''  That  blood  is  after- 
wards kept  up  to  the  proper  mark  for  the 
renewing  and  supporting  offices  which  it 
has  to  perform,  by  receiving  again  and 
again,  at  frequent  intervals,  fresh  supplies 
of  food  and  drink  from  the  stomach. 

But  the  drink,  which  performs  this 
important  service  of  transport,  has  then, 
as  a  matter  of  course,  to  be  got  rid  of  out 
of  the  supply-pipes  of  the  body.  If  two 
or  three  pints  of  drink  are  admitted  into 
the  body  in  the  day,  two  or  three  pints 
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mnst  also  be  taken  out  of  it  in  the  same 
time,  or  there  would  have  to  be  room 
found  for  this  additional  quantity,  which 
it  is  manifest  cannot  by  any  means  be 
conveniently  arranged,  at  any  rate  day 
after  day.  The  fact  really  is  that  the 
drink  which  is  contained  within  the 
body,  and  which  is  washing  along  the  sup- 
plies of  food,  is  continuously  being  drained 
away  out  of  the  supply-pipes,  drop  by  drop, 
as  the  flowing  stream  rushes  on.  Some 
portion  of  it  steams  away  out  of  the 
mouth  with  the  breath,  as  may  actually 
be  seen  by  the  eye  on  a  cold  frosty  day. 
More  of  it  passes  out  through  the  pores 
of  the  skin ;  and  still  more  is  withdrawn 
drop  by  drop  through  the  sluice-gates  of 
the  kidneys.  But  in  all  these  several 
'methods  of  escape  it  is  turned  to  a  further 
serviceable  account ;  for  in  all  it  is  caused 
to  carry  away  with  it,  as  it  goes,  a  very 
considerable  quantity  of  waste  and  refuse 
substance,  that  also  requires  to  be  got  rid 
of  when  its  proper  work  has  been  per- 
formed. The  drink  thus  washes  waste 
matter  out  of  the  body  at  the  same  time 
that  it  washes  nourishing  food  in. 

The   quantity   of    drink    which  is  re- 
quired in  the  body  of  a  human  being  of 
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average  activity  and  size  to  perform  these 
various  offices  of  transport  and  cleansing 
is  not  altogether  so  large  as  many  people 
conceive.  More  is  needed  under  some 
circumstances  than  under  others,  as,  for 
instance,  in  hot  weather,  when  a  larger 
amount  of  perspiration  is  poured  out 
through  the  skin.  But,  apart  from  such 
circumstances  of  exceptional  want,  from 
two  to  four  pints  of  drink  in  the  day 
appear  to  be  quite  enough  for  all  essential 
and  healthy  demands.  If  more  drink  is 
indulged  in  than  is  actually  required  for 
these  demands,  it  is  got  rid  of  also 
through  the  same  outlets  that  have  been 
described.  But  the  removal  of  the  excess 
is  then  accomplished  by  an  unnatural 
and  disadvantageous  strain  upon  such 
delicate  living  organs  as  the  lungs, 
kidneys,  and  skin,  which  have  the  proper 
charge  of  this  part  of  the  process.  Too 
much  drink,  even  when  it  is  in  the  least 
objectionable  form,  of  bland  and  limpid 
water,  may  still  produce  derangement 
and  confusion  in  the  beautifully  balanced 
actions  of  the  living  frame. 
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VI. 

DEINK   IN    THE    CIRCULATING    BLOOD. 

Theee  is  one  consequence  of  this  plan 
for  the  introduction  and  transport  of 
food  through  the  various  textures  of  the 
body  which  for  a  practical  reason  deserves 
very  prominent  notice.  Whatever  the 
drink  may  be  which  is  received  into  the 
mouth  of  a  living  animal,  it  is  also  taken, 
as  a  matter  of  course,  into  that  animal's 
blood.  It  goes  first  from  the  mouth  into 
the  stomach,  and  then  from  the  stomach 
to  the  heart,  and  on  from  the  heart  into 
the  innumerable  branching  channels 
which  have  been  described  as  issuing 
from  its  cavity.  The  great  bulk  of  the 
thin,  liquid  drink  does  not  even  linger 
with  the  food,  but  passes  in  urgent  haste 
through  the  walls  of  the  stomach,  to  be 
carried  by  a  shorter  route  of  its  own  to 
the  heart,  and  to  be  there  mixed  up  with 
the  liquified  food  which  has  found  its 
way  in  by  a  more  circuitous  path.  It, 
then,  having  been  churned  up  with  the 
blood,  is  sent  on  with  it  from  the  heart, 
and  is  so  flushed  into  all  the  minutest 
channels   and   crevices    of  the   frame, — 
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into  all  the  innermost  shrines  of  the 
living  structure, — through  palpitating 
flesh,  through  feeling  nerves,  and  through 
thinking  brain ;  and  this  flushing  is  per- 
formed, not  for  a  brief  instant,  but  for 
enduring  periods,  from  hour  to  hour,  and 
from  day  to  day.  Many  hundred  times, 
indeed,  in  the  course  of  a  single  day  is 
each  separate  in-draught  of  drink  passed 
round  through  the  channels  that  run 
everywhere,  before  it  is  again  drawn  out 
from  the  circling  stream.  It  may  be 
taken  into  the  stomach  by  the  pint,  but 
when  this  has  been  done,  it  can  only  be 
got  out  of  the  blood  by  the  drop,  and 
by  the  operation  of  a  prolonged  and  tedi- 
ous process  of  drainage  that  requires  both 
effort  and  time. 


VII. 

THE   NATUEAL    DEINK    OF    LIVING   CEEATUEES. 

The  drink  provided  by  nature  for  all 
living  creatures  is  pure  water.  The  wild 
animals  that  roam  in  their  original  free- 
dom over  the  face  of  the  earth  drink 
nothing   but   water.     They  go   down   to 
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the  rivers  and  streams  so  plentifully  fur- 
nished, to  find  such  drink  as  they  require. 
The  animals  which  man  keeps  under  his 
care  in  a  more  or  less  domesticated  state 
have  nothing  but  water.  And  so  also,  it 
may  be  said,  there  are  thousands  upon 
thousands  of  human  beings  who  follow 
the  example  set  them  by  their  four- 
footed  companions,  and  take  no  other 
drink  than  water,  but  nevertheless  fulfil, 
in  the  very  highest  perfection,  all  the 
best  work  of  rational  and  intelligent 
existence.  From  this  it  clearly  appears 
that  water,  at  any  rate,  is  the  only  drink 
that  is  absolutely  essential  for  the  pur- 
poses of  life. 

All  other  drinks,  indeed,  that  are  em- 
ployed by  human  beings  owe  their  good 
influence  and  power  to  the  large  amount 
of  water  which  they  contain.  It  is  the 
water,  which  is  present  amongst  the 
other  ingredients,  that  enables  them  to 
play  their  part  of  introducing  food  and 
removing  waste. 

But  in  the  artificial  state  in  which 
man  lives  as  the  member  of  a  civilized 
community,  he  has  devised  various  ways 
of  disguising  the  water  that  he  uses 
as   drink,   and  of  communicating  to  it, 
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whether  for  good  or  for  evil,  qualities 
which  at  any  rate  are  highly  prized. 
The  chief  object  which  he  aims  at  in 
this  preparation  of  artificial  drink  is  the 
addition  to  the  tasteless  liquid  of  certain 
flavours  that  are  agreeable  to  the  palate. 
Tea,  coffee,  cocoa,  beer,  wine,  and  dis- 
tilled liquors  are  all  products  of  this 
class.  All  such  beverages,  however,  must 
obviously  rank  as  articles  of  luxury, 
and  not  as  prime  necessaries  of  life,  if 
it  be  fairly  shown  that  they  perform  no 
office  in  the  living  economy  which  is  not 
performed  equally  well  by  water  and 
ordinary  food. 


VIII. 

THE  NATURE  OF  ARDENT  SPIRIT. 

In  those  forms  of  artificial  drink  which 
are  made  by  the  fermentation  of  sweet 
juices,  a  new  principle,  or  ingredient,  how- 
ever, appears,  concerning  which  some- 
thing more  has  to  be  said.  In  all  of  them 
there  is  contained  a  new  form  of  liquid, 
which  is  made,  in  the  first  instance,  out 
of  the    sugar,   by   the   mere    rearrange- 
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ment  of  its  parts.  This  liquid  is  called 
"  ardent  spirit,"  because  it  has  a  burning 
taste.  Alcohol  is  another  of  its  names, 
that  term  having  been  given  to  it  by  the 
old  Arabian  chemists  who  first  examined 
its  nature.  It  is  also  termed  "  spirit  of 
wine,"  because  it  is  procured  out  of  wine 
by  distillation. 

This  ardent  spirit,  when  separated  from 
all  other  things,  is  a  clear,  transparent 
liquid,  resembling  water  to  the  eye,  but 
it  is  lighter  than  water,  bulk  for  bulk, 
and  besides  having  a  burning  taste,  has 
a  burning  nature  as  well,  since  it  readily 
bursts  into  flame  when  set  light  to,  which 
water  of  course  never  does.  Another 
very  important  character  which  it  pos- 
sesses is  that  it  mingles  readily  with 
water  in  any  proportions.  In  all  the 
fermented  beverages  it  is  mingled  with 
water  in  greater  or  less  quantity.  Beer 
contains  from  three,  or  four,  to  fourteen 
per  cent.,  according  to  its  strength  ;  wine 
from  eight  to  twenty-five  ;  and  the  dis- 
tilled spirituous  beverages  from  forty  to 
fifty  per  cent. 

Now,  when  spirit,  in  this  state  of  ad- 
mixture with  water,  is  taken  into  the 
stomach,  being  of  a  thin,  liquid  nature 
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like  water,  it  is  at  once  admitted  with  it 
through  the  walls  of  the  stomach,  and  is 
carried  with  it  directly  to  the  blood. 
The  spirit  is  then  flushed  with  the 
blood  to  all  the  innermost  recesses  of  the 
textures — to  the  flesh,  to  the  nerves,  and 
to  the  brain — and  is  kept  streaming  on, 
round  and  round,  through  them.  It  will 
therefore  hardly  be  necessary  to  say  that 
it  is  a  matter  of  the  utmost  moment  to 
all  human  beings  to  know  whether  this 
burning  and  unnatural  ingredient  of  the 
drink  is  a  chance  visitor  that  should  be 
welcomed,  and  made  at  home,  in  such 
delicate  and  sensitive  textures  as  living 
flesh,  nerves,  and  brain. 


IX. 

THE    INTOXICATING  POWER   OF    ARDENT    SPIRIT. 

Under  the  circumstance  of  the  ardent 
spirit  being  in  very  abundant  quantity 
there  need  be  no  doubt  as  to  how  this 
important  question  must  be  answered. 
It  should  not  even  be  tolerated,  to  say 
nothing  of  welcomed,  for  it  is  then  neither 
more  nor  less  than  a  very  powerful  and 
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deadly  poison.  When  in  very  large  quan- 
tity, it  at  once  stops  all  the  operations 
of  life,  which  are  naturally  sustained  by 
the  food,  as  if  by  a  stroke,  and  so  substi- 
tutes death  for  life.  When  not  in  such 
deadly  abundance,  but  still  in  copious 
quantity,  its  influence  no  less  unmistakably 
is  to  arrest,  or  to  impair,  the  operations 
of  such  delicate  vital  organs  as  the  brain. 
It  makes  the  brain  unable  to  feel  and  to 
think  as  it  can  when  it  is  nourished  by 
healthy  blood,  instead  of  by  blood  mingled 
with  burning  alcohol.  The  state  which  is 
then  produced  is  the  one  which  is  fami- 
liarly known  as  "  intoxication."  The  in- 
sensibility of  drunkenness  is  simply  a 
poisoning  of  the  natural  powers  of  the 
brain  by  ardent  spirit. 

When  the  ardent  spirit,  wThich  is  intro- 
duced with  the  drink,  is  in  yet  smaller 
quantity,  these  intoxicating,  or  brain- 
poisoning,  effects  are  not  necessarily  pro- 
duced ;  and  there  is  then  more  difficulty 
in  deciding  what  the  real  action  of  the 
burning  agent  upon  the  living  economy 
is.  Thus,  there  are  many  very  honest 
and  very  well-informed  men  who  believe 
that  some  kind  of  nourishing  influence 
may  be  traced  to  the  spirit  contained  in 
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moderate  quantities  of  beer  and  wine. 
But  there  are,  on  the  other  hand,  great 
numbers  of  equally  honest  and  equally  well- 
informed  men  who  are  most  thoroughly 
convinced  that  there  is  no  nourishment 
whatever  in  the  spirituous  part  of  these 
commonly  employed  beverages  ;  and  that 
such  beverages  are  only  powerless  for  harm 
because  the  guardian  powers  of  the  living 
system  are  able,  under  the  circumstances 
of  a  moderate  quantity  only  having  been 
used,  to  eject  them  out  of  the  blood  before 
the  more  delicate  organs,  such  as  the 
nerves  and  the  brain,  are  brought  mate- 
rially and  injuriously  under  the  influence 
of  the  spirit. 

In  connection  with  this  view  of  the 
case  there  is,  however,  a  further  con- 
sideration which  here  requires  to  be  very 
clearly  brought  into  view.  When  ardent 
spirit  is  habitually,  and  day  by  day,  intro- 
duced into  the  blood,  in  whatever  form 
of  disguise,  it  is  not  under  any  circum- 
stances cleared  away  out  of  the  circulating 
stream  as  quickly  as  it  is  introduced.  It 
is  taken  in  by  the  glass,  or  the  ounce; 
but  it  is  only  taken  out,  as  already  ex- 
plained, by  the  drop.  When  a  man  drinks 
half  a  bottle  of  wine,  or  a  bottle  of  beer, 
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it  is,  at  the  very  least,  three  days,  and 
more  commonly  six  days,  before  the  last 
drop  of  its  spirituous  part  is  expelled  out 
of  the  blood-streams  circulating  through 
the  flesh  and  brain.  There  is,  therefore, 
always  a  tendency  for  the  spirit  to  collect 
or  accumulate  in  the  system  to  an  incon- 
venient and  undesirable  amount,  when 
fermented  beverages  are  used,  even  in 
an  apparently  moderate  quantity,  day 
after  day.  When  such  an  undue  accu- 
mulation of  the  ardent  spirit  is,  never- 
theless, cleared  away  out  of  the  body, 
without  any  grave  disorder  or  mischief 
being  produced,  as  unquestionably  is 
often  the  case,  this  is  only  because  the 
guardian  powers,  which  are  naturally  en- 
trusted with  the  work  of  removing  un- 
natural and  foreign  substances  from  the 
blood,  happen  to  be  in  a  very  vigorous 
and  very  efficient  condition  for  the  per- 
formance of  their  defensive  work.  Such 
a  fortunate  result,  unhappily,  does  not 
certainly  occur  in  the  advancing  years  of 
life,  when  the  energy  and  strength  of  the 
vital  powers,  and  of  such  purifying  organs 
as  the  lungs,  the  kidneys,  and  the  liver, 
are  beginning  to  flag ;  or,  indeed,  when- 
ever  a  similar  state    of    impaired  vital 
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strength  has  been  caused  by  disease.  A 
very  large  number  of  stealthy  and  often 
most  painful  and  altogether  irreparable 
disorders  are  unsuspectedly  brought  about 
from  this  cause. 


X. 

PRACTICAL    CONCLUSIONS    REGARDING    FER- 
MENTED   DRINK. 

The  great  difficulty  which  still  remains 
to  be  solved  in  regard  to  the  action  of 
ardent  spirit  upon  the  living  textures, 
and  upon  the  vital  economy  of  human 
beings,  and  which,  indeed,  has  not  hither- 
to been  even  touched  by  the  discoveries  of 
science,  is  that  no  one  can  yet  absolutely 
say  what  becomes  of  the  ardent  spirit 
after  it  has  been  taken  into  the  blood. 
If  a  couple  of  ounces  of  ardent  spirit 
are  received  into  the  stomach,  in  the 
form  of  beer  or  wine,  a  few  drops  of  that 
spirit  can  be  traced  coming  out  of  the 
body  with  the  vapours  of  the  breath,  with 
the  perspiration  from  the  skin,  and  with 
the  natural  drainage  of  waste  liquid  from 
the  kidneys,  -during  the  next  three  or  four 
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days.  But  only  a  very  small  part  of  the 
entire  two  ounces  appears  to  be  in  that 
way  disposed  of.  During  those  three  or 
four  days,  the  actual  presence  of  the 
spirit  may  certainly  be  detected  anywhere 
in  the  blood,  or  in  such  delicate  parts  of 
the  body  as  the  nerve-structures  and  the 
brain.  After  five  or  six  days,  however, 
there  is  no  longer  any  of  those  two 
ounces  of  spirit  in  the  blood  or  in  any  of 
the  vital  structures  of  the  body.  No 
single  trace  of  the  spirit  can  after  that 
be  found  anywhere  by  the  most  refined 
examination  of  the  chemist.  What,  then, 
has  become  of  it  ?  Where  has  it  all  gone 
to  ?  Only  one  answer  to  this  question  is 
scientifically  possible.  Very  much  of  it 
has  been  broken  up  within  the  body  into 
something  else.  It  has  been  changed  out 
of  the  state  in  which  it  has  the  proper- 
ties of  burning  spirit,  and  has  been  put 
into  the  form  of  some  other  substance 
concerning  which  everything  is  not  yet 
known.  The  final  product  which  is  made 
out  of  the  ingredients  of  the  spirit,  within 
the  living  body,  when  the  spirit  mole- 
cules are  loosened  up  into  their  primary 
elements,  may  be  a  food ;  it  may  be  a 
poison;  it  certainly  is  a  medicine  which 
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is  capable  of  being  turned  to  account  by 
the  physician,  who  knows  what  he  is 
about,  when  he  has  to  endeavour  to  cure 
some  forms  of  disease,  just  as  very  many 
poisons,  such  as  arsenic,  and  prussic 
acid,  and  mercury,  and  antimony  are 
capable  of  being  turned  to  remedial 
account.  But  whether  apart  from  this 
medicinal  action  it  is  a  food,  or  a  poison, 
no  one  can  say.  This  is  just  all  that  can 
yet  be  told  upon  this  very  obscure  and  as 
yet  unsettled  question. 

There,  nevertheless,  remains  in  the 
gloom  of  this  darkness  one  very  clear 
gleam  of  light  which  it  is  desirable  before 
all  things  not  to  lose  sight  of,  and  which 
it  has  been  a  leading  aim  of  this  Simple 
Lesson  on  Drink  to  bring  into  prominent 
notice.  If  it  is  once  satisfactorily  proved 
to  the  understanding  of  any  reasonable 
man  that  a  powerful  agent,  such  as  ardent 
spirit,  is  not  a  necessary  ingredient  in  the 
operations  of  animal  life,  and  that  it  is  a 
deadly  poison,  and  a  disease-producing 
influence,  when  indiscreetly  and  rashly 
employed,  he  will  at  least  regard  that 
further  knotty  point,  as  to  whether  in 
restricted  quantity  it  is  a  poison  or  a  food, 
as  being  of  less  practical  moment,  since, 
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as  a  reasonable  being,  he  is  well  aware 
that  so  long  as  that  riddle  is  unsolved  it 
is  open  to  him  to  secure  for  himself  the 
benefit  of  the  doubt  by  exercising  watch- 
ful scrutiny  and  jealous  care  in  his  own 
personal  dealings  with  the  suspicious, 
and  often  treacherous,  liquid.  He  will 
also  be  not  the  less  inclined  to  that 
prudent  course  when  he  further  weighs, 
in  connection  with  that  thought,  the  too 
notorious  and  too  familiar  fact  that  there 
is  a  very  strong  tendency  with  almost 
every  one  who  uses  wine  and  beer  to  take 
continually  more  and  more  on  account  of 
the  agreeable  flavours  with  which  in  these 
beverages  the  ardent  spirit  is  combined, 
and  on  account  of  the  seductive  influence 
which  the  spirit  itself  exerts  upon  the 
nervous  organization,  until  the  boundary 
of  prudence  is  almost  unconsciously  over- 
stepped, and  a  dangerous  habit  as  uncon- 
sciously formed,  from  which  it  afterwards 
becomes  very  difficult  to  escape. 
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XL 

THE  HEATING  POWER  OF  FERMENTED  DRINK. 

When  a  little  spirit  of  wine  is  placed 
in  a  lamp,  and  the  lamp  is  lit  by  setting 
fire  to  the  spirit- vapour  that  rises  from 
the  wick,  it  is  seen  that  the  spirit  burns 
with  a  pale  flame,  and  it  may  be  felt  that 
it  produces  a  very  large  quantity  of  heat 
in  doing  so.  Any  one,  therefore,  who  is 
aware  of  this  would  be  very  naturally  in- 
clined to  expect  that  some  similar  result 
would  follow  when  the  same  spirit  is  in- 
troduced into  the  blood,  and  burned  there 
by  the  process  of  breathing,  which  draws 
air  into  the  body  for  the  very  purpose 
of  blowing  up  a  slow  combustion  in  the 
vessels.  This  natural  expectation  would 
be  further  strengthened  as  soon  as  it  was 
noticed  that  a  feeling  of  increased  warmth 
is  actually  produced  when  wine,  beer,  and 
ardent  spirit  are  taken  as  drink  under  the 
circumstance  of  exposure  to  cold. 

But  in  reference  to  this  result,  the 
most  conflicting  opinions  are  met  with 
amongst  men  who  are  seemingly  com- 
petent to  investigate  the  facts.  Some 
careful  observers  hold  that  the  bodies  of 
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living  animals  are  always  rendered  colder 
when  spirituous  drinks  are  used  ;  and  other 
inquirers,  again,  have  an  equally  strong 
conviction  that  the  feeling  of  warmth  is 
in  reality  due  to  the  heat  which  is  set  free 
by  the  burning  of  the  alcohol. 

Without  attempting  the  very  difficult, 
and  perhaps,  as  yet,  impossible,  task  of 
duly  estimating  the  wreight  of  these  con- 
flicting opinions,  there  is  one  well-settled 
fact  that  may  at  any  rate  be  turned  to 
account.  The  blood  of  persons  w^ho 
habitually  use  spirit,  wine,  and  beer  in 
even  moderate  quantities  is  found  to 
become  of  a  very  dark  colour  in  conse- 
quence of  the  imperfect  removal  of  the 
charcoal,  or  carbonaceous  principles  which 
are  supplied  to  the  blood  in  the  food,  for 
the  purpose  of  supporting  the  warmth  of 
the  body  by  their  consumption  as  fuel. 
In  some  well-ascertained  instances  the 
blood,  from  this  cause,  contained  as  much 
as  thirty  per  cent,  more  of  these  dark  and 
combustible  ingredients  than  it  possesses 
in  its  natural  state,  and  in  some  other 
cases  it  was  almost  of  an  oily  consistence 
in  consequence  of  their  presence.  This, 
at  any  rate,  proves  that  whether  the  spirit 
does  itself  burn  in  the  blood,  or  not,  it 
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at  any  rate  serves  to  prevent  other  com- 
bustible parts  of  the  blood,  which  ought 
to  be  removed  from  it  by  burning,  from 
being  in  that  way  disposed  of. 

The  pleasant  feeling  of  warmth  which 
is  so  commonly  experienced  upon  drink- 
ing a  small  quantity  of  wine,  or  beer,  is 
most  probably,  to  some  extent,  due  to  the 
increased  quickness  of  the  flow  of  blood 
which  immediately  follows.  The  sub- 
sequent mischief  arises,  when  this  is 
produced,  from  the  fact  that  the  un- 
natural ingredient  does  various  other 
things  in  the  blood,  of  which  some  have 
been  elsewhere  already  alluded  to,  besides 
producing  its  quickened  flow. 


XII. 

TEA,    COFFEE,    AND    COCOA. 

In  the  various  beverages  that  are  known, 
and  familiarly  used,  under  the  designa- 
tions of  tea,  coffee,  and  cocoa,  there  is 
found  no  ingredient  so  treacherous  and 
dangerous  as  ardent  spirit.  But  there  is 
still  something  in  them  which  is  capable 
of  producing  an  injurious  effect  upon  the 
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delicate  organization  of  the  human  frame 
if  it  be  not  judiciously  and  reasonably 
employed. 

In  the  dried  leaf  of  the  tea,  for  instance, 
there  is  a  certain  quantity  of  a  white, 
glossy,  crystalline  substance,  which  was 
originally  made  by  the  growing  plant, 
and  was  then  stored  away  in  the  leaf. 
When  the  dried  leaf  is  treated  with  boil- 
ing water  this  white  substance  is  dissolved, 
in  common  with  certain  other  ingredients 
of  the  tea,  which  confer  upon  it  its  colour, 
and  its  fragrant  and  pleasant  taste.  The 
white  substance,  however,  has  a  very  re- 
markable power  over  the  brains  and 
nerves  of  living  human  beings  when  it  is 
flushed  through  them  with  the  blood. 
"When  swallowed  in  small  quantities  it 
lessens  the  force  of  the  heart's  stroke, 
and  produces  a  gentle  and  pleasant  feel- 
ing of  excitement,  which  seems  to  be  of 
a  similar  nature  to  that  which  is  caused 
by  taking  wholesome  food,  and  which  does 
not  appear  to  have  any  hurtful  effect.  If 
used  in  large  quantities,  however,  some- 
what distressing  wakefulness,  and  even 
insensibility,  may  be  produced ;  and  in 
much  larger  quantities  it  is  capable  of 
causing  convulsion,  and  death. 
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This  powerful  crystalline  substance, 
which  is  called  Theine,  exists  in  the 
dried  leaves  of  the  tea  in  the  proportion 
of  from  one  to  four  per  cent,  of  the 
weight,  according  to  the  quality.  It 
will  hence  be  readily  understood  that  if 
people  drink  very  strong  tea,  and  take 
a  great  quantity,  some  unpleasant  and 
undesired  effects  may  in  the  end  be  pos- 
sibly produced. 

It  is  a  curious,  and  a  somewhat  re- 
markable circumstance,  that  a  similar 
white  crystalline  substance,  possessing 
also  great  power  over  the  nervous  orga- 
nization, is  found  likewise  in  both  coffee 
and  cocoa. 

In  reference  to  these  hot  breakfast- 
table,  or  tea-table  drinks,  one  remark  may 
be  made  which  applies  with  equal  force 
to  the  whole.  They  are  all  as  harmless 
and  as  wholesome  as  they  are  pleasant 
to  the  taste  when  they  are  used  with 
due  moderation,  and  with  intelligent  and 
reasonable  care ;  and  they  are  all  un- 
wholesome and  objectionable  when  im- 
moderately or  ignorantly  employed. 

As  in  the  case  of  the  fermented  drinks, 
however,  they  are  all  matters  of  indul- 
gence and  luxury  rather  than  of  neces- 
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sity,  but,  as  such,  they  are  upon  the 
whole  less  dangerous  than  the  spirit- 
containing  beverages,  because  they  do  not 
as  commonly  lead,  by  their  own  irresist- 
able  seduction  and  charm,  to  excessive 
indulgence  ;  and  because  they  exert  none 
of  the  grave  blood-poisoning  effects  that 
follow  upon  the  habitual  use  of  spirit. 


i.  CLARKE  &  CARRUTH, 
Booksellers 
nd  Stationers] 


HOME  READING. 

Character  Building'.     Talks  to  Young   Men.      By   Rev.  R.  S. 

Barrett.     i2mo,  cloth  binding,     50c. 
Counsel  and  Comfort  for  Daily  Life.     i8mo,   cloth,  gilt 

edges.     $1.00. 
Five  Minutes  Daily  Readings  of  Poetry,    Selected  by  H. 

L.  Sidney  Lear.     i8mo,  cloth,  gilt  top.     $1.25. 
Life.     A  book  for  Young  Men.     By  Cunningham  Geskie,  D.D., 

author  of  "  Hours  with  the  Bible,"   etc.     Tenth  edition.     i2mo, 

cloth  binding.     $1.25. 
Little  Things  in  Every  Day  Life.     i8mo,  cloth,  gilt  Mges. 

50c. 
Life  Lessons  from  the  Book  of  Proverbs.    By  William 

Stevens  Perry,    D.D.,   LL.D.,  Bishop   of   Iowa,       i2mo,    cloth 

binding.     $1.00. 
Half  Hours  in  the  Holy  Land.     Travels  in  Egypt,  Palestine 

and  Syria.    By  Norman  Macleod.    Numerous  illustrations.    i2mo, 

cloth  binding.     $1.50. 

Half  Hours  in  the  Field  and  Forest.    Chapters  in  Natural 

History.     By  Rev.  J.  G.  Wood.     Numerous  illustrations.     I2mc 

cloth  binding.     $1.50. 
Reasons  for  Believing  in  Christianity,    Addressed  to  Bus> 

People.     By  the  Rev.  C.  A   Row.     i2mo,  cloth,  gilt  top.     75c. 
Salad  for  the  Solitary  and  the  Social.      By  Frederick 

Saunders.     Popular   edition.     Small  4to,    cloth  binding,    $2.00 

with  full  gilt  edges,  $2.50. 
Pastime  Papers.     By  the  author  of  "Salad  for  the  Solitary  anc 

the  Social."     i2mo,  cloth  binding.     $1.00. 
Sunny  Days  Abroad,  or  the  Old  World  seen  with  Young  Eyes 

i2mo,  cloth  binding.     $1.00. 
The  Home  Of  Fiesole.     A  Story  of  the  Times  of  Savonarola 

i2mo,  cloth  binding.     $1.25. 
Stories  from  English  History.      By   Louise  Creightc 

With  numerous  illustrations.     i2mo,  cloth  binding.     $1.25. 
***  Copies  will  be  sent  prepaid  to  any  part  of  the  United  States  or 
Canada  on  receipt  of  price. 

MAS  WHITTAKER,  2  &  3  Bible  House,  New  Yorh 


pimple  Leftong  for1  {tome  Uge. 


Price  15  cents  each. 


No.    1. 

Our  Bodily  Life.     By  Mrs.  Fenwick  Miller. 

How  and  Why  we  Breathe.     By  Mrs.  Fenwick 
Miller. 

fc'OOd.     By  G.  Phillips  Beven,  F.G.S. 

Drink.     By  Robert  James  Mann,  M.D. 

No.  2. 

Cookery.     By  J.  C.  Buckmaster,  b.a. 

Plain  Needle  Work.     By  Mrs.  Benjamin  Clarke. 

Slothing.     By  Joseph  J.  Pape,  M.R.C.S. 

No.  3. 

Mr  and  Ventilation.     By  Mrs.  Fenwick  Miller. 
Sicknesses  that  Spread.    By  Mrs.  Fenwick  Miller. 
rhe  Weather.     By  Robert  James  Mann,  M.D. 
Astronomy.     By  Richard  A.  Proctor. 

No.  4. 

irds.     By  Rev.  F.  O.  Morris. 
OWers.     By  Rev.  G.  Henslow,  M.A. 
loney.     By  Rev.  T.  E.  Crallan,  M.A. 

?H0MAS  WHITTAEEH,  2  &  3  Bible  House,  New  York. 


Simple  Lessons 


For  Home  Use 


/ 


>  ♦  ♦♦♦»%♦%♦♦♦♦♦♦♦♦♦♦♦♦♦♦  ♦  ♦  ♦  ♦%  ♦  ^», ♦%%%%% % 


Cookery 

By     J.     C.     BUCKMASTER,    B.  A. 

Plain  Needle  Work 

By    Mrs.    Benjamin   Clarke 

Clothing 

By   Joseph    J.    Pape,    M.  R.  C.  S. 


ttttttty^^^ 


New  York 
THOMAS   WHITTAKER 

2  and  3  Bible  House 


The  reception  accorded  to  "Simple  Lessons 
for  Home  Use"  in  England,  where  these 
papers  where  issued  both  separately  and  in  col- 
lected form,  has  been  so  favorable  that  the 
American  publisher  believes  their  publication 
in  four  cheap  parts  will  attract  a  number  of 
readers  here.  It  is  believed  that  these  Simple 
Lessons,  written  as  they  are  by  authors  prac- 
tically conversant  with  the  subjects  on  which 
they  write,  will  find  their  way  into  many  homes 
as  well  as  into  schools  of  all  grades. 


COOKERY 

BY    J.    C.    BUCKMASTER,    B.A., 

Of  the  Science  and  Art  Department,  South  Kensington. 


WHY  WE  COOK  OUR  FOOD. 

The  chief  object  of  cooking  is  to  make 
our  food  more  wholesome  and  digestible, 
and  the  application  of  heat  for  these  pur- 
poses constitutes  the  science  and  art  of 
cooking. 

By  eating  cooked  food  we  can  live  on 
a  smaller  quantity,  because  what  is  eaten 
is  more  thoroughly  digested. 

Uncooked  meat  and  vegetables  some- 
times contain  the  eggs  or  germs  of  insects 
called  parasites,  and  when  these  are  taken 
into  the  stomach  they  produce  serious  dis- 
orders ;  a  boiling  temperature  is  generally 
sufficient  to  destroy  these  germs. 

Before  food  can  nourish  the  body  it 
must  not  only  contain  everything  which 
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the  body  requires,  but  by  cooking  it  must 
be  brought  into  such  a  condition  that  the 
digestive  organs  can  convert  the  food  into 
healthy  blood  by  which  the  bones,  brain, 
and  muscles  are  repaired.  All  cooking 
is  preparatory  to  digestion,  and  just  in 
proportion  as  the  food  has  been  well 
cooked  there  is  less  work  thrown  upon 
the  stomach.  Badly  cooked  food  and 
improper  food  become  a  fruitful  source 
of  weakness  and  ill-health.  Cows  and 
sheep  can  eat  and  digest  uncooked  vege- 
tables; but  the  weaker  digestive  organs 
of  man  require  that  these  should  be 
cooked,  and  before  food  can  fulfil  its 
object  it  must  be  dissolved  or  liquified 
so  as  to  be  conveyed  by  innumerable 
small  vessels  or  tubes  which  proceed 
from  the  stomach  to  every  part  of  the 
body  which  has  to  be  nourished. 

In  some  way  or  other  heat  is  the  agent 
always  employed  in  cooking  our  food,  and 
as  we  require  food  two  or  three  times  a 
day,  cooking  becomes  a  necessary  duty  in 
every  house. 

The  art  of  cooking  is  not  so  difficult  to 
acquire  as  some  are  apt  to  imagine.  Any 
girl  twelve  years  of  age,  with  common 
sense,  would  learn  in  a  few  months  all 
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that  is  necessary  in  her  home  ;  and  when 
once  this  knowledge  has  been  gained  prac- 
tically, it  is  like  a  trade,  never  forgotten. 
Order  and  regularity,  punctuality  and 
cleanliness  are  absolutely  necessary  in 
the  management  of  a  family,  and  in  no 
part  of  domestic  occupations  are  they 
more  necessary  than  in  the  preparation 
of  the  daily  food  of  a  household ;  the  daily 
exercise  or  neglect  of  these  qualities  de- 
termines the  good  or  bad  management  of 
a  house. 


HOW  TO  LIGHT  A  FIRE. 

The  first  thing  is  to  light  a  fire,  and 
every  girl  that  does  household  work  should 
be  provided  with  an  apron  which  covers 
the  whole  of  her  dress,  something  after 
the  style  of  a  labourer's  smock-frock,  and 
a  piece  of  carpet  should  be  provided  to 
kneel  upon.  Thoroughly  clear  out  all 
the  ashes  and  cinders  from  the  grate ; 
the  cinders  should  be  placed  aside,  and 
some  of  the  large  ones  placed  loosely  at 
the  bottom  of  the  grate  ;  on  these  we 
place  some  shavings  or  crumpled  up 
pieces  of  paper,  then  a  few  dry  sticks  or 
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pieces  of  wood,  loosely  placed  across 
each  other,  but  use  no  more  than  are 
really  wanted ;  on  these  place  some  of 
the  large  cinders,  and  finish  with  a  few 
lumps  of  coal  placed  between  the  bars. 
The  fire  is  now  said  to  be  laid,  and  we 
light  it  in  two  or  three  places ;  and  when 
the  wood  is  well  lighted  we  place  with 
our  hands  some  pieces  of  coal  at  the  back. 
If  the  coals  had  been  thrown  on  from  a 
scuttle  or  shovel,  we  should  most  likely 
have  extinguished  the  fire  and  had  to  do 
the  work  over  again.  A  little  trouble  at 
the  beginning  often  saves  trouble  in  the 
end.  No  fire  can  burn  without  a  good 
supply  of  air,  and  if  cinders  and  coal  and 
ashes  are  all  closely  packed  together  the 
fire  will  neither  light  easily  nor  burn 
freely.  A  good  fire  does  not  mean  a 
wasteful  or  extravagant  fire,  but  one 
suitable  for  its  purpose. 


TO  MAKE  TEA. 

Well  rinse  out  the  tea-kettle  and  fill  it 
from  the  tap  or  pump.  If  it  be  the  first 
wTater,  as  is  probable,  for  breakfast,  it  is 
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better  to  let  it  run  for  a  minute  before 
filling  the  kettle,  as  water  standing 
for  hours  in  leaden  pipes  is  sometimes 
dangerous.  Well  warm  the  teapot  with 
a  little  boiling  water ;  pour  away  the 
water  and  put  in  the  teapot  a  teaspoon- 
ful  of  tea  for  each  person  and  one  for  the 
pot.  Broken-leaf  good  tea  is  better  than 
very  cheap  tea  ;  it  takes  less  and  makes 
better  tea.  Just  cover  the  tea  with 
boiling  water,  let  it  stand  five  or  seven 
minutes,  and  then  fill  the  teapot.  Never 
use  soda  in  making  tea. 


TO   MAKE    COFFEE. 

If  you  prefer  coffee,  warm  your  coffee- 
pot and  put  in  one  tablespoonful  of 
freshly- ground  coffee,  which  will  make 
a  pint.  Pour  on  about  a  pint  and  a 
quarter  of  boiling  water,  because  some 
of  the  water  will  be  absorbed  by  the 
coffee.  Let  it  stand  five  minutes — pour 
in  a  little  cold  water  to  clear  it ;  let  it 
stand  another  five  minutes,  and  it  is 
ready.  If  possible  use  the  same  quantity 
of  hot  milk  as  coffee. 
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COCOA  AND  CHOCOLATE. 

Cocoa  is  more  nourishing  than  either 
tea  or  coffee ;  it  is  prepared  in  a  variety 
of  ways  and  sold  under  a  variety  of 
names.  The  kernels,  or  beans,  as  they 
are  called,  from  which  cocoa  and  choco- 
late are  prepared,  are  full  of  oil  like  the 
kernels  of  Brazil  nuts.  After  the  husks 
are  removed,  the  kernels  are  crushed 
into  fragments,  which  form  cocoa  nibs, 
the  purest  form  of  cocoa.  For  working 
people  and  children,  especially  in  cold 
weather,  cocoa  is  a  cheap  and  excellent 
food.  It  is  best  prepared  from  the  nibs ; 
but  these  require  simmering  for  five  or 
six  hours  to  extract  all  their  goodness. 
Like  coffee,  it  should  be  used  with  half 
its  quantity  of  milk.  Neither  tea  nor 
coffee  is  valuable  as  food,  except  from 
the  quantity  of  milk  they  contain,  and 
among  working  people,  and  indeed  all 
classes,  there  is  far  too  much  tea- 
drinking.  Milk,  when  it  can  be  had, 
or  porridge,  with  treacle,  makes  a  far 
more  substantial  breakfast  than  either 
tea  or  coffee.  There  is  no  nourishment 
in  tea,  and  much  of  the  indigestion  and 
bad  health  among  factory  girls  and  poor 
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women  arise  from  the  constant  habit  of 
drinking  tea,  which  is  often  taken  as  a 
substitute  for  food.  But  it  would  be  a 
very  poor  breakfast  with  nothing  but  tea 
or  coffee  or  cocoa. 


BREAD. 


At  almost  every  meal  bread  occupies 
a  very  substantial  place,  and  in  all  ages 
a  peculiar  sacredness  has  attached  to 
bread  in  heathen  countries.  A  house 
without  bread  was  said  to  be  forsaken 
by  the  gods.  A  man's  trade  or  occupa- 
tion is  said  to  be  that  by  which  he  gets 
his  bread,  and  nothing  gives  us  a  more 
affecting  idea  of  misery  and  destitution 
than  to  say  of  a  family  they  are  in  want 
of  bread.  In  the  Scriptures  it  is  called 
the  staff  of  life,  and  it  is  also  called 
the  pledge  of  peace  and  happiness  in  a 
labourer's  house.  When  persons  have 
but  little  money  to  spend  they  cannot 
do  better  than  spend  most  of  it  in  bread, 
and  persons  who  live  in  the  country  often 
make  their  own  ;  but  the  little  iron  ovens 
in  poor  people's  houses,  the  difficulty  of 
obtaining  good  yeast,  and  the  indifference 
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of  the  baker  unless  lie  sells  you  the  flour, 
are  all  difficulties  in  the  way  of  obtaining 
a  good  wholesome  loaf  of  home-made 
bread.  But  there  is  no  good  reason  why 
there  should  not  be  public  bakehouses, 
where  women  could  go  with  their  daugh- 
ters and  make  their  own  bread.  There 
would  be  little  difficulty  in  setting  a  room 
apart  for  this  purpose  in  model  dwelling- 
houses.  Making  bread  is  the  most  profit- 
able thing  in  a  family ;  it  is  a  saving  of 
one  loaf  in  five.  Very  white  bread  and 
new  bread  should  be  avoided  in  every 
house  :  seconds  or  household  flour  is 
best,  and  when  wheat  flour  was  dear  it 
wras  common  to  mix  it  with  one-third 
barley-meal.  This  made  an  excellent 
loaf,  which  kept  moist  and  was  very 
nourishing.  Barley  bread  was  the 
common  bread  of  the  people  in  many 
parts  of  England  at  the  commencement 
of  the  present  century,  and  it  is  a  great 
pity  there  is  such  a  craze  for  white 
bread ;  but  as  girls  are  better  educated, 
this  craze,  like  many  other  absurdities, 
will  fade  away.  You  must  not  think 
the  brown  bread  I  have  described  not 
good  enough;  it  was  good  enough  for 
our  grandfathers  and  grandmothers,  who 
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were  neither  drunkards  nor  paupers  ;  and 
persons  who  have  little  money  to  spend 
ought  to  consider  how  it  can  be  spent  to 
the  best  advantage.  The  quality  and 
kind  of  food  in  a  house  must  depend  on 
the  income.  There  is  no  degradation  or 
injury  to  health  in  taking  porridge  for 
breakfast  instead  of  tea,  or  eating  brown 
bread  instead  of  white.  A  labourer  with 
fifteen  shillings  a  week  cannot  live  on  the 
same  things  as  a  person  with  five  hundred 
a  year  ;  and  if  the  money  often  spent  on 
tobacco,  tea,  and  beer  were  spent  on  food 
many  a  family  would  be  healthier  and 
happier.  Every  woman  ought  to  know 
how  to  make  bread.  Can  you  bake  ?  was 
the  usual  question  to  every  domestic  a 
hundred  years  ago. 


HOW  TO  MAKE  BREAD. 

Take  fourteen  pounds  of  flour  and  put 
it  into  a  clean  smooth  trough  or  tub  : 
an  earthenware  pan  may  be  used,  but  a 
wooden  trough  or  tub  is  better.  Make 
a  deep  hole  in  the  middle  of  this  heap 
of  flour,  well  mix  a  gill  (quarter  of  a  pint) 
of  good  fresh  yeast  with  the  same  quan- 
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tity  of  lukewarm  water,  with  two  ounces 
of  salt.  Pour  this  into  the  hole  in  the 
heap  of  flour  ;  take  a  spoon  and  work  it 
round  the  outside  of  the  hole  with  as  much 
of  the  surrounding  flour  as  will  bring  it 
to  the  consistency  of  a  thin  batter,  which 
you  must  stir  for  one  or  two  minutes. 
Take  a  handful  of  flour  and  scatter  thinly 
over  this  batter  so  as  to  hide  it.  Cover  the 
whole  over  with  a  cloth  to  keep  it  warm. 
The  situation  of  the  trough  as  to  its  dis- 
tance from  the  fire  must  depend  on  the 
state  of  the  weather  as  to  heat  and 
cold.  When  the  batter  has  risen  enough 
to  make  cracks  in  the  flour  that  you 
sprinkled  over,  begin  to  form  the  whole 
mass  into  dough.  Begin  round  the  hole 
containing  the  batter,  and  pour  in  as  it 
is  wanted,  so  as  to  make  the  flour  mix 
with  the  batter,  lukewarm  water.  Clean 
soft  water  is  to  be  preferred.  If  the  flour 
be  of  good  quality  it  will  take  up  nearly 
as  much  water  as  will  convert  the  four- 
teen pounds  of  flour  into  twenty  pounds 
of  bread.  When  the  whole  is  sufficiently 
moist,  knead  it  well.  This  is  the  most 
important  part  of  the  operation,  for  un- 
less the  dough  be  well  kneaded  there  will 
be  round  lumps  of  flour  in  the  bread,  and 
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the  original  batter,  which  is  to  ferment 
the  whole,  will  not  be  properly  mixed. 
The  dough  must  be  well  worked,  your 
fists  must  go  into  it  vigorously,  it  must  be 
rolled  over,  pressed  out  until  it  be  com- 
pletely mixed  and  formed  into  a  rather 
tough  stiff  dough.  All  this  is  healthy 
work ;  but  every  kind  of  exercise  is  work. 
When  the  dough  is  made  form  it  into  a 
lump  in  the  middle  of  the  trough,  sprinkle 
a  little  flour  over  it,  cover  with  a  cloth 
again  to  keep  it  warm,  and  if  everything 
be  done  properly,  it  will  be  ready  for 
the  oven  in  about  fifteen  or  twenty 
minutes.  Take  the  dough  out  of  the 
trough,  shake  a  little  flour  over  the  table 
to  prevent  its  sticking,  cut  it  into  con- 
venient pieces,  and  make  it  into  loaves ; 
as  soon  as  they  are  formed  they  should 
be  put  into  the  oven.  I  have  baked 
loaves  in  tins  and  new  flower-pots  in  an 
ordinary  iron  oven ;  but  a  brick  oven 
heated  with  wood  makes  the  sweetest 
bread. 


DRIPPING. 


We  require  something  with  the  bread, 
and  good  sweet  dripping  is  not  half  the 
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price  of  bad  butter,  and  is  much  more 
wholesome  in  a  family.  Besides  being  eaten 
with  bread,  dripping  and  skimmings  from 
saucepans  may  be  used  for  puddings  and 
pies  ;  since  everything,  as  far  as  possible, 
should  be  turned  to  some  use. 


GENERAL   METHOD   OF   COOKING. 
BROILING. 

If  we  take  a  piece  of  meat  or  fish  and 
put  it  on  a  gridiron  over  a  bright,  clear 
fire,  the  meat  or  fish  is  said  to  be  broiled. 
In  this  kind  of  cooking  the  object  is  to 
quickly  make  solid  all  the  liquid  albumen 
on  the  surfaces.  Let  us  explain  this  more 
fully,  because  it  underlies  almost  every 
kind  of  cooking.  The  white  fluid  which 
surrounds  the  yolk  of  an  egg  is  albumen  ; 
in  its  raw  state  it  can  be  poured  from  one 
vessel  to  another,  but  when  cooked  it 
becomes  a  white  solid.  This  may  be 
easily  shown  with  two  eggs.  Now  the 
albumen  of  meat,  fish,  and  vegetables 
is  the  same  as  the  white  of  an  egg,  it 
becomes  solid  with  heat ;  when  the  liquid 
albumen  which  oozes  from  the  surface  of 
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raw  meat  is  exposed  to  a  boiling  heat, 
the  albumen  becomes  solid  and  the  sur- 
faces are  quickly  sealed  over  with  a  thin 
film  of  solid  albumen,  which  keeps  in  the 
juices  and  flavour  of  the  meat.  The 
cooking  now  goes  on  from  the  outside 
to  the  inside.  Broiling  is  a  quick  kind 
of  cooking,  but  it  should  never  be  at- 
tempted without  a  suitable  fire.  It  is 
often  the  most  convenient  way  of  cook- 
ing chops  and  small  pieces  of  meat  or  fish. 
The  gridiron  should  be  rather  hot  before 
putting  on  the  meat,  and  avoid  as  much 
as  possible  running  a  fork  into  the  meat. 
Turn  it  with  two  tablespoons. 


BOILING. 

Boiling  is  the  easiest  and  most  whole- 
some method  of  cooking.  The  sauce- 
pan should  be  scrupulously  clean,  not 
only  for  meat,  but  vegetables,  and  large 
enough  to  hold  sufficient  water  to 
thoroughly  cover  the  meat.  Before  pitt- 
ing the  meat  into  the  saucepan,  put  in  a 
plate  turned  upside  down  :  this  allows  the 
water  to  get  to  every  part  of  the  meat  and 
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prevents  its  sticking  to  the  bottom.  For 
making  tea  and  coffee,  and  indeed  all 
cooking  purposes,  use  if  possible  clean 
rain  water.  The  scum  should  be  removed 
as  it  rises  by  skimming  with  an  iron 
spoon.  If  we  take  a  piece  of  meat  and 
put  it  into  a  saucepan  of  cold  water  and 
let  it  gradually  come  to  the  boil,  the 
meat  is  undergoing  a  gradual  loss  of  its 
soluble  and  nutritive  properties,  which 
are  dissolved  in  the  water,  and  the  smaller 
the  piece  of  meat  the  greater  the  loss  of 
all  those  properties  which  make  boiled 
meat  so  acceptable.  To  put  meat  into 
cold  water  is  clearly  the  proper  way  to 
make  broths  and  soups ;  but  to  obtain 
full-flavoured  boiled  meat  the  idea  of 
soup  making  must  be  a  secondary  con- 
sideration. The  meat  should  be  plunged 
into  plenty  of  boiling  water  for  about 
four  minutes ;  the  saucepan  should  then 
be  drawn  aside  and  kept  considerably 
below  the  boiling  temperature.  In  all 
cases  the  water  in  which  meat,  fish,  and 
many  vegetables  has  been  boiled  should 
be  turned  into  soup,  because  it  is  impos- 
sible to  cook  anything  in  water  without 
extracting  some  of  the  juices  and  nutri- 
ment of  the  things  boiled. 
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SOUP  MAKING  AND   STEWING. 

Soup  making  and  stewing  are  the  most 
economical  methods  of  cooking.  Odd 
rough  pieces  of  meat-trimmings  and 
bones  can  be  turned  into  savoury  and 
good  food  by  careful  stewing.  The  richer 
and  better  the  meat  the  better  the  stew ; 
but  the  roughest  and  coarsest  parts  may 
be  made  tender,  savoury,  and  digestible 
by  stewing.  Bones,  although  containing 
little  meat,  often  contain  nearly  half  their 
weight  of  gelatine,  and  when  broken  to 
pieces  and  allowed  to  simmer  till  every 
piece  of  bone  is  white  and  dry,  you  have 
in  the  water  the  basis  of  all  meat  soups. 

It  is  much  to  be  regretted  that  among 
many  persons  there  is  a  strong  prejudice 
against  soups  ;  they  seem  to  forget  that 
the  most  solid  lump  of  meat,  before  it 
can  nourish  the  body,  must  be  made  into  a 
kind  of  soup.  The  making  or  not  making 
a  soup  or  broth  in  which  a  piece  of  meat 
has  been  boiled  constitutes  all  the  differ- 
ence between  carefulness  and  waste.  The 
English  rarely  make  broth  or  soup ;  and 
when  they  do,  it  is  often  a  poor  substitute 
for  the  w7ell-thickened  broth  of  Scotland 
or  soup  of  France,  which  is  often  so  sub- 
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stantial  that  it  frequently  constitutes  the 
sole  dinner  of  the  family,  and  a  very  much 
better  dinner  than  can  be  obtained  from 
a  frying-pan.  Whether  it  be  a  soup  or 
a  stew,  the  great  advantage  of  this  kind 
of  cooking  is,  that,  whatever  the  food 
value  of  the  materials  and  salts  dissolved 
in  the  water,  the  body  must  have  the 
benefit,  because  everything  is  eaten  ;  and 
a  pound  of  meat  cut  into  small  pieces, 
and  made  into  a  soup  or  stew,  will  go 
nearly  as  far  as  two  pounds  uncut.  The 
only  objection  to  this  kind  of  cooking  is 
the  time.  But  why  could  we  not  have 
grey  earthenware  jars,  glazed  inside,  with 
proper  lids,  to  stand  by  the  side  of  the 
fire  or  in  the  oven.  The  same  fire  which 
warms  the  family  in  the  evening  would 
go  a  long  way  towards  cooking  the  next 
day's  meal.  This  kind  of  cooking  ought 
to  be  always  going  on  in  every  home. 
Slow  cooking  is  the  essential  condition  of 
all  stewing  ;  and  if  the  water  which  should 
just  cover  the  meat  be  allowed  to  boil, 
the  meat  will  become  hard  and  tasteless. 
Stews  and  soups  may  be  thickened  with 
pearl-barley,  rice,  oatmeal,  flour,  pota- 
toes, and  sago,  and  flavoured  with  herbs 
or  condiments  according  to  taste.     The 
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great  heroes  of  antiquity,  says  Sir  John 
Sinclair,  lived  chiefly  on  broth.  The  liquor 
in  which  a  piece  of  mutton  or  venison 
was  boiled,  thickened  with  oatmeal  and 
flavoured  with  wild  herbs,  formed  the 
morning  and  evening  meal  in  the  hall 
of  the  Highland  chief.  The  following 
recipe  is  common  in  Scotland. 


A   SCOTCH   SOUP. 

(1)  Take  two  young  cabbages  or  savoys 
and  well  wash  them  in  salt  and  water. 
(2)  Cut  them  across  in  pieces  about  half 
an  inch  in  length.  (3)  Put  them  into  a 
clean  saucepan  with  three  pints  of  water 
and  threepenny  worth  of  fresh  bones.  (4) 
Boil  up.  (5)  Skim  and  slowly  boil  for 
three  or  four  hours.  (6)  Eemove  the  bones. 

(1)  Beat  up  to  a  smooth  paste  a  tea- 
cupful  of  oatmeal  with  milk.  (2)  Add 
sufficient  milk  to  make  a  quart.  (3)  Stir 
it  into  the  soup.  (4)  Boil  it  for  half  an 
hour,  constantly  stirring.  (5)  Season 
with  pepper  and  salt,  and  serve. 

Some  meal  thickens  more  than  other, 
so  if  too  thick,  add  more  water.  The  first 
part  of  this  soup  can  be  prepared  over- 
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night.     Pearl-barley  may  be  used  instead 
of  oatmeal. 


BOASTING. 

Boasting,  like  broiling,  requires  a  quick 
bright  fire,  and  the  meat  should  be  fre- 
quently basted.  Place  the  meat  for  five 
minutes  rather  close  to  the  fire ;  then 
draw  it  back  a  short  distance  and  roast 
slowly.  The  chief  object  is  to  retain  as 
much  as  possible  all  the  juicy  flavour  of 
the  meat. 


BAKING. 


Baking  meat  is  in  many  respects 
objectionable.  The  gradual  disuse  of 
open  grates  has  led  to  a  practice  of  first 
baking  and  then  browning  before  the  fire. 
This  method  reverses  the  true  order  of 
cooking  by  beginning  with  the  lowest  tem- 
perature and  finishing  with  the  highest. 
Baked  meat  is  never  so  tender,  delicate, 
or  digestible  as  roast  meat.  When  pota- 
toes are  baked  under  the  meat  they 
should  be  at  least  half  boiled,  because 
they  take  a  longer  time  to  bake,  and  the 
moisture  rising  from   them  soddens  the 
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meat.  A  baked  meat  pie,  though  not 
always  very  digestible,  is  preferable  to 
plain  baked  meat,  because  the  surfaces  are 
protected  by  a  crust  of  dough,  which  is 
a  bad  conductor  of  heat,  and  this  kind  of 
baking  more  nearly  resembles  stewing. 
The  Cornish  pasty  is  the  best  example 
of  this  kind  of  cooking.  The  time  re- 
quired for  cooking  varies  with  so  many 
conditions  that  it  is  impossible  to  give 
anything  reliable. 


FRYING. 


Frying-pan  cooking  is  generally  the 
worst  kind  of  cooking.  The  pieces  of 
meat  which  are  hardened  and  made  tough 
and  indigestible  by  frying  might  often  be 
made  to  yield  excellent  food  in  the  form 
of  a  soup  or  stew. 

But  frying  is  easily  and  quickly  done, 
and  saves  trouble.  A  rasher  of  fat  bacon 
in  a  frying-pan  will  give  flavour  to  pota- 
toes and  other  vegetables  ;  but  an  intelli- 
gent woman  soon  learns  that  frying  and 
frizzling,  so  common  in  the  houses  of  the 
working  classes,  is  the  most  wasteful  and 
objectionable  kind  of  cooking,   and  that 
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good  cooking  does  not  mean  expensive 
cooking ;  for  no  cooking  is  so  costly  as 
bad  cooking,  and  every  kind  of  cooking 
is  more  a  matter  of  trouble  than  money. 
People  won't  take  the  trouble,  and  so  they 
use  a  frying-pan. 


COOKING   GKEEN  VEGETABLES. 

All  green  vegetables  should  be  cooked 
as  quickly  as  possible  after  they  are 
gathered,  or  kept  in  a  cool  shady  place 
till  they  are  wanted.  To  soak  and  wash 
them  in  water  for  the  purpose  of  keeping 
up  the  appearance  of  freshness  is  to 
destroy  their  flavour  and  make  them  un- 
wholesome. Before  cooking  they  should 
be  well  washed,  but  not  allowed  to  remain 
longer  in  the  water  than  is  necessary.  All 
the  coarse  outside  leaves  should  be  re- 
moved, and  a  spoonful  of  vinegar  in  the 
water  will  be  more  effectual  in  removing 
insects  than  salt.  In  cooking  green  vege- 
tables, if  you  wish  to  preserve  their  colour, 
they  should  be  boiled  by  themselves,  have 
plenty  of  room,  and  plunged  into  boiling 
water  with  a  teaspoonful  each  of  sugar 
and  salt.    The  saucepan  is  best  uncovered, 
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and  the  contents,  if  necessary,  occasion- 
ally skimmed.  The  vegetables  should  not 
remain  in  the  water  a  single  instant  after 
they  are  cooked.  We  do  not  attach 
sufficient  importance  to  vegetables  ;  they 
might  often  be  served  with  advantage 
as  separate  dishes,  instead  of  an  accom- 
paniment to  meat,  and  even  sometimes 
eaten  instead  of  meat. 


ROOTS. 


Potatoes,  carrots,  parsnips  and  beet- 
root, are  best  kept  in  their  dirt  in  a  dry 
place,  covered  with  a  little  clean  straw, 
or  an  old  sack.  Onions  should  be  strung 
on  ropes  of  straw,  so  as  not  to  touch 
each  other,  and  hung  from  the  ceiling,  or 
the  chimney-corner ;  they  are  chiefly 
used  for  flavouring,  but  there  is  no  reason 
why  they  should  not  be  more  extensively 
used  as  food ;  and  when  properly  cooked 
they  are  neither  disagreeable  nor  indiges- 
tible. In  a  working  man's  home,  it  is 
the  most  valuable  of  vegetables. 
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PULSE. 

Pulse  is  a  general  term  for  seeds  which, 
grow  in  pods,  such  as  peas,  lentils,  and 
haricot  beans,  which  are  the  dried  seeds 
of  varieties  of  French  beans.  These  are 
the  most  nutritive  of  all  vegetable  sub- 
stances, and  for  persons  engaged  in  hard 
manual  labour  there  is  no  cheaper  or 
better  food.  By  cooking  they  can  be 
made  a  good  substitute  for  meat.  Their 
raw  uninviting  flavour  can  be  easily  dis- 
guised by  herbs  and  condiments.  If  you 
are  doubtful  of  the  age  or  quality,  soak 
them  over  night  in  cold  water ;  the  bad 
ones  float  and  can  be  removed;  but  if 
you  know  them  to  be  young,  they  will 
not  require  soaking. 


PUDDINGS. 

The  chief  constituent  of  most  puddings 
is  flour;  but  they  are  sometimes  made 
with  milk  thickened  with  rice,  sago,  and 
other  starchy  bodies.  Suet  is  the  best 
fat  for  puddings ;  but  butter,  lard,  drip- 
ping,  and  the   skimmings   of  saucepans 
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may  be  used.  Flour  puddings  should  be 
well  boiled  for  the  purpose  of  thoroughly 
breaking  the  envelopes  which  enclose  the 
starch.  Imperfectly  cooked  starchy  foods 
are  a  fertile  source  of  indigestion.  In 
boiling  puddings  see  that  the  cloth  is 
clean  and  sweet ;  it  should  be  dipped  into 
hot  water,  squeezed  dry,  and  sprinkled 
with  flour.  Tie  the  pudding  closely,  and 
put  it  into  boiling  water,  and  keep  it  boil- 
ing all  the  time  and  well  covered  with 
water.  It  is  as  well  to  take  the  precau- 
tion of  moving  it  about  two  or  three  times 
at  first  to  prevent  its  sticking.  Perhaps 
the  better  plan  is  to  place  a  plate  bottom 
upwards  in  the  saucepan,  and  as  soon  as 
you  remove  the  pudding  dip  it  into  cold 
wTater  to  prevent  its  sticking  to  the  cloth. 
If  the  pudding  be  boiled  in  a  dish  or  a 
basin,  well  grease  the  inside  all  over  with 
a  little  sweet  dripping  before  putting  in 
the  pudding.  The  same  should  be  done 
for  a  baked  pudding  or  pie. 

By  attending  to  these  general  prin- 
ciples, founded  on  experience  and  the 
best  authorities,  there  will  be  little  diffi- 
culty in  applying  them  to  the  every-day 
cooking  of  the  household,  and  one  morn- 
ing's practice  in  preparing  a  dinner  will 
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teach  more  than  a  course  of  lessons  ;  and 
as  your  knowledge  increases  you  will  be 
able  to  use  such  things  as  curry,  haricot 
beans,  lentils,  maccaroni,  and  introduce 
greater  variety  in  the  methods  of  sending 
food  to  the  table  ;  and  always  endeavour 
to  do  everything  as  cleanly  and  as  per- 
fectly as  possible. 


TO   BOIL   POTATOES. 

It  seems  an  easy  thing  to  boil  a  potato; 
but  it  is  very  seldom  that  you  see  a  well- 
boiled  potato,  because  everybody  thinks  it 
too  simple  a  matter  to  require  any  atten- 
tion, and  the  result  is  they  are  left  to  spoil. 

To  properly  boil  potatoes  they  should 
be  as  nearly  as  possible  of  the  same  size 
and  of  the  same  kind.  (1)  Wash  off  the 
dirt  and  scrub  them  with  a  hard  brush  ; 
never  use  a  knife.  (2)  Einse  them  well 
in  clean  wTater.  (3)  Pack  them  tightly 
in  a  saucepan  till  it  is  about  half  filled. 
(4)  Cover  with  cold  water.  (5)  Add  a 
teaspoonful  of  salt  to  a  quart  of  water. 
(6)  Bring  them  to  the  boil.  (7)  Stand 
aside  to  simmer  until  the  potatoes  are 
just  tender  (and  this  is  ascertained  by 
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trying  them  occasionally  with  a  thin  iron 
skewer).  (8)  Boil  up.  (9)  Pour  away 
all  the  water.  (10)  Eemove  the  lid,  and 
stand  the  saucepan  by  the  side  of  the  fire, 
so  as  to  allow  the  moisture  to  evaporate. 
(11)  Peel  them  as  quickly  as  possible  and 
send  them  to  the  table. 

Some  potatoes  are  best  boiled  by  put- 
ting them  into  cold  water,  and  when  the 
water  comes  to  the  boil  it  is  poured  away 
and  the  cooking  commenced  again  with 
cold  water.  This  is  sometimes  repeated 
two  or  three  times.  From  fifteen  to 
twenty  minutes  is  the  average  time. 


TO  BOIL   TUENIPS. 

(1)  Wash  your  turnips.  (2)  Peel  off 
nearly  half  an  inch.  (3)  Cut  them  into 
halves  or  quarters,  according  to  their  size. 
(4)  Put  them  into  plenty  of  cold  water 
with  a  teaspoonful  of  sugar.  (5)  Boil 
steadily  for  half  an  hour.  (6)  Try  them 
with  a  skewer.  (7)  When  tender  remove 
them  with  a  slice  or  spoon  into  the  colan- 
der, so  as  to  drain  off  the  water.  If  they 
are  to  be  mashed,  squeeze  them  as  dry  as 
possible  between  two  plates,  return  them 

10 


146  COOKERY. 

into  the  saucepan,  and  mash  them  with  a 
wooden  spoon  ;  stir  in  about  one  ounce 
of  sweet  dripping  and  sufficient  pepper 
and  salt  to  taste. 


TO   BOIL   CARROTS  AND   PARSNIPS. 

(1)  Scrape  and  wash  them.  (2)  Split 
them  into  halves  or  quarters  according 
to  size.  (3)  If  too  long  cut  them  across. 
(4)  Einse  them.  (5)  Put  them  into  the 
saucepan  with  plenty  of  cold  water  and 
a  little  sugar.  (6)  Boil  till  tender,  which 
will  require  two  or  three  hours,  according 
to  age. 

Parsnips  are  cooked  in  the  same  way, 
and  when  cold  are  very  nice  cut  into 
slices  and  fried  in  a  little  dripping.  Some 
persons  prefer  well  washing  the  carrots 
and  parsnips  and  boiling  them  whole, 
and  when  tender  the  skin  is  easily  rubbed 
off  with  a  coarse  cloth. 


TO  BOIL  BEET  ROOT. 

(1)  Wash  the  beet  roots  carefully  so  as 
not  to  break  the  outside  skin,  or  you  lose 
the   colour.     (2)  Put  them  into  plenty 


TO    BOIL    CABBAGES.  147 

of  boiling  water.  (3)  Keep  on  the  lid  of 
the  saucepan.  (4)  Try  them  with  a  thin 
iron  skewer.  If  they  are  to  be  served 
hot  rub  off  the  skin  with  a  coarse  cloth. 
They  are  sometimes  baked  and  the  skin 
removed  afterwards.  In  this  country  it 
is  generally  used  cold  as  a  salad  or  garnish 
in  what  are  called  well-to-do  houses,  now 
there  is  no  difficulty  in  growing  beet  root, 
and  when  cold  it  can  be  easily  and  cheaply 
turned  into  a  salad,  or  pickle,  for  cold 
meat.  A  dish  of  stewed  beet  root  mixed 
with  a  little  dripping  and  pepper  and  salt, 
and  served  with  a  roasted  onion  and  a 
slice  of  bread,  make  an  excellent  meal. 


TO   BOIL  CABBAGES. 

(1)  Cut  off  the  stalk  and  remove  the 
outside  leaves.  (2)  Wash  them  well  in 
salt  and  water.  (3)  Let  them  remain 
in  the  water  about  half  an  hour.  (4)  Put 
them  into  plenty  of  boiling  water.  (5) 
Add  a  tablespoonful  of  salt  and  a  tea- 
spoonful  of  sugar.  (6)  Boil  till  the  stalks 
are  tender,  which  will  be  from  twenty  to 
forty  minutes,  according  to  age.  (7) 
Drain  in  a  colander. 
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TO  BOIL  GREEN  PEAS  AND  BROAD  BEANS. 

(1)  As  soon  as  shelled  plunge  them  into 
sufficient  boiling  water  to  well  cover  them. 
(2)  Add  a  small  teaspoonful  of  salt  and 
the  same  of  sugar,  and  a  few  sprigs  of 
green  mint.  (3)  Boil  about  twenty 
minutes.  (4)  Strain  in  a  colander  or 
sieve. 

Broad  Beans  are  cooked  in  the  same 
way  without  the  mint. 


TO   BOIL   HARIOOT   BEANS. 

Whatever  the  form  in  which  they  are 
sent  to  the  table  they  must  always  be 
first  boiled.  (1)  Put  them  into  cold 
water  with  a  little  salt.  (2)  Let  them 
come  to  the  boil  and  simmer  two  or 
three  hours,  or  till  they  begin  to  crack. 
(3)  Pour  away  all  the  water  and  stand 
them  on  the  hob  to  dry.  They  may  be 
eaten  with  gravy  or  dripping,  seasoned 
with  pepper  and  salt.  It  is  perhaps  safer 
and  will  take  less  time  to  cook  if  the 
beans  are  soaked  over-night. 
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TO   MAKE    A    SOUP    WITH    THE  LIQUOR  IN 
WHICH  THE   BEANS   WERE   BOILED. 

(1)  Add  a  sliced  onion,  and  a  small  car- 
rot, a  sprig  of  celery,  and  a  faggot  of  fine 
herbs,  parsley,  thyme,  and  marjoram,  to 
the  liquor.  (2)  Eub  the  beans  and  vege- 
tables through  a  colander,  or  coarse  sieve. 
(3)  Stir  the  paste  into  the  liquor  (if  too 
thick,  add  more  water)  and  boil  up.  (4) 
Stir  in  a  piece  of  dripping  the  size  of 
an  egg.  (5)  Season  with  pepper  and  salt, 
and  pour  the  soup  into  a  basin  over  pieces 
of  stale  bread. 


SAUCES. 

Butter  mixed  with  flour  is  the  founda- 
tion of  most  sauces,  and  is  called  plain 
melted  butter.  All  starchy  bodies,  when 
exposed  to  heat  and  moisture,  first  swell 
and  then  burst.  Now  the  art  of  making 
a  butter  sauce  consists  in  bursting  all 
the  starch  cells  in  sufficient  hot  fat  to 
thoroughly  cook  them,  or  the  sauce  has 
the  taste  of  raw  flour.  A  sauce  is  often 
very  acceptable  with  vegetables  and  pud- 
dings; it  is  often  a  means  of  disguising 


150  COOKERY. 

what  would  otherwise  be  very  uninviting, 
and  the  following  recipe  is  new  and  in- 
expensive. 

A  sauce  without  butter.  (1)  Take 
three  ounces  of  good  dripping  and  melt 
it  slowly  in  a  clean  saucepan ;  be  careful 
it  neither  browns  nor  burns.  (2)  Stir 
in  gradually  with  a  wooden  spoon  one 
ounce  and  a  half  of  flour,  until  the  flour 
and  dripping  make  a  soft  paste  free  from 
lumps.  (3)  Add  gradually  half  a  pint  of 
hot  water  and  a  little  pepper  and  salt. 
(4)  Stir  till  the  contents  come  to  a  boil, 
and  it  is  ready.  If  too  thick,  which  will 
depend  on  the  flour,  stir  in  a  little  more 
hot  water.  Some  finely-chopped  parsley, 
or  eschalots,  or  pickled  nasturtiums,  or 
fennel,  make  parsley  or  other  sauce.  It 
must  always  be  borne  in  mind  that  the 
art  of  cooking  is  not  to  be  acquired 
from  books  and  lessons ;  girls  should  avail 
themselves  of  every  opportunity  for  re- 
ducing to  practice  the  instruction  given 
by  their  teachers.  Order  and  cleanliness 
are  essential  in  every  domestic  duty,  but 
in  none  more  so  than  cooking ;  a  dirty 
saucepan  or  spoon  will  often  spoil  your 
dinner  ;  and  every  woman  should  practice 
these  virtues  if  it  were  for  no  other  rea- 
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son  than  as  an  example  to  her  children. 
A  mother,  by  enforcing  on  her  daughters 
the  honour  and  dignity  of  household 
work,  gives  her  children  an  education 
more  useful  than  mere  accomplishments. 
Time  is  the  capital  of  every  married 
woman,  and  she  who  neither  wastes  it  by 
slothf ulness  nor  negligence  will  find  that 
God's  blessing  generally  rests  on  those 
wTho  are  diligent  and  frugal  in  their 
management.  A  properly-cooked  meal 
arid  a  neatly-arranged  dinner-table  are 
helps  to  the  happiness  and  moral  progress 
of  the  humblest  family. 


PLAIN    NEEDLE   WORK 

BY  MRS.   BENJAMIN   CLARKE. 


MATERIALS. 

One  of  the  greatest  prejudices  against 
the  education  of  girls,  not  only  in  India, 
but  also  in  England,  arises  from  the  fear 
that  it  tends  to  give  undue  prominence 
to  the  merely  ornamental,  or  that  intel- 
lectual acquirements  will  supersede  the 
more  homely  duties.  But  the  fact  is 
that  the  most  clever  women  have  almost 
invariably  been  good  needlewomen  also. 
Garments  of  u  wrought  needlework'' 
have  not  only  been  the  delight  of  the 
feminine  eye,  but  have  been  the  pride  of 
the  wearer ;  they  were  supposed  to  have 
some  mysterious  influence  on  evil  spirits, 
and  a  child  in  a  garment  of  many  colours 
was  considered  safe  from  the   ' '  blasting 
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of  malicious  tongues,"  or  "the  machina- 
tions of  evil  spirits.' ' 

No  home  can  be  well  ordered  and  no 
family  can  be  "respectable"  in  the  true 
sense  of  the  word,  if  the  wife  or  mother 
does  not  thoroughly  understand  not  only 
the  value  of  the  "  stitch  in  time,"  but 
also  knows  how  to  do  it.  The  object 
of  the  following  practical  remarks  is  that 
girls  may  be  able  to  find  in  them  those 
hints  and  directions  which  have  proved 
useful,  and  are  the  rules  laid  down  at  the 
present  time  for  "  Plain  Needlework." 

In  the  "  good  old  days "  English- 
women were  celebrated  for  their  learning 
and  their  needlework.  But  the  mere 
fact  of  being  a  girl  does  not  necessarily 
make  any  one  clever  with  her  needle ; 
although  the  gift  seems  to  run  in  some 
families,  it  will  be  found  that  much  time 
and  care  have  been  devoted  to  its  ac- 
quirement Girls  are  apt  to  depend  on 
the  generally  willing  mother  to  make 
and  mend  for  them,  and  seem  to  have 
neither  time  nor  patience  to  learn  for 
themselves,  so  that  many  a  useful 
garment  is  worn  to  rags  because  the 
owner  cannot  use  her  needle  properly. 
There  is  as  much  pleasure  in  putting  on 


MATERIALS.  155 

a  clever  patch,  or  making  a  skilful  darn 
as  there  is  in  doing  any  kind  of  fancy 
work. 

Success  in  most  things  depends  very 
much  on  our  attention  to  trifles.  No 
work  can  give  satisfaction  that  is  not 
done  with  very  clean  hands;  indeed,  if 
they  are  dirty  the  task  is  made  more 
difficult,  as  they  are  generally  moist  also, 
and  the  needle  passes  through  the  mate- 
rial with  greater  difficulty. 

No  one  should  attempt  any  work  with- 
out a  thimble — it  cannot  be  done  neatly 
and  quickly  without  one,  and  there  is  a 
great  risk  of  injury  to  the  finger. 

Needles  should  always  be  of  the  best 
quality ;  for  children  we  should  use  a 
larger  size  than  for  older  workers,  whose 
fingers  are  used  to  the  "feel"  of  them. 
The  eyes  should  hold  the  cotton  so  easily 
that  there  should  be  no  "  drag  "  to  get  it 
through  the  work.  Needles  known  as 
"  egg-eyed  "  are  the  easiest  to  thread. 

To  bite  Or  break  off  the  thread  is  a 
very  common  fault,  which  should  be  at 
once  corrected.  It  is  always  likely  to 
draw  the  thread  too  tight,  so  that  the 
work  puckers,  and  it  sometimes  leads  to 
fatal  results,   for  we   heard  of    a   most 
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estimable  lady  who  lost  her  life  from  this 
very  habit. 

There  are  so  many  good  makes  of 
cotton  that  there  should  be  no  difficulty 
in  getting  it.  Brook's,  Coat's,  or  Clarke's 
cotton  can  generally  be  depended  on,  and 
it  should  be  used  in  short  needlefuls. 

With  every  step  in  needlework  the 
learner  should  be  taught  how  to  prepare 
it ;  the  youngest  child  may  learn  how 
to  fold  a  hem.  The  edges  of  newspapers 
are  very  easily  cut  by  the  line  of  the 
printing,  and  answer  the  purpose  admir- 
ably; the  paper  being  stiff  keeps  the  folds 
better  than  calico.  Children  used  to 
learn  to  work  on  paper ;  but  coarse  un- 
bleached calico  is  better,  and  it  can  be 
hemmed  in  strips  and  then  sewn  to- 
gether ;  they  thus  make  serviceable  little 
stays  and  dusters. 

Having  learnt  to  hold  the  needle  in 
the  left  hand,  to  thread  it,  and  to  tvork 
with  it  in  the  right  hand,  put  the  thimble 
on  the  second  finger  of  the  right  hand. 
The  top  of  the  thimble  was  formerly  used, 
and  we  thought  it  a  very  awkward  and 
difficult  thing  to  do,  so  we  are  very  glad 
that  the  girls  only  use  the  side  now ;  it 
makes  it  much  easier  for  them. 
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HEMMING. 

The  great  beauty  of  a  hem  is,  that  it 
should  be  perfectly  straight  and  that  the 
stitches  should  be  quite  regular ;  the 
first  is  generally  attained  by  drawing  a 
thread,  when  the  raw  edge  of  the  mate- 
rial can  be  cut  straight  and  even.  If  it 
be  intended  to  make  a  narrow  hem,  lay 
down  a  fold  perfectly  even  on  one  side 
and  then  turn  it  down  again  the  same 
width  as  before ;  if  a  broad  hem  be  re- 
quired, the  second  fold  should  be  wider 
than  the  first,  so  that  it  may  set  more 
smoothly.  When  the  work  is  ready 
("  prepared,"  as  it  is  called)  place  it  over 
the  first  finger  of  the  left  hand,  and  for 
the  first  stitch  point  the  needle  from  you, 
draw  it  through  the  fold  until  there  is 
only  a  small  end  of  thread  left,  which 
must  be  neatly  turned  under  the  hem 
with  the  point  of  the  needle.  In  the 
succeeding  stitches  the  needle  must  be 
pointed  towards  you:  not  towards  your 
left  shoulder,  as  it  used  to  be,  but  to  the 
chest.  There  should  only  be  just  space 
for  a  stitch  left  between  the  stitches,  and 
the  point  of  the  needle  should  be  kept 
rather  higher  than  the  eye,  otherwise  it 
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is  likely  to  get  broken.  When  the  thread 
is  used  up  as  short  as  possible,  cut  it  off 
and  turn  the  end  under  the  hem,  take  a 
fresh  needleful,  and  begin  with  the  needle 
pointed  from  you,  as  at  first. 

Draw  the  thread  rather  tight  when 
hemming  anything  that  is  cut  on  the 
cross  ;  but  draw  it  out  very  gently  when 
it  is  fine  work.  If  there  is  to  be  a  hem 
on  four  sides  of  any  article,  hem  the 
opposite  sides  first,  so  that  the  corners 
may  be  alike  ;  but  pocket-handkerchiefs, 
etc.,  are  now  generally  made  with  sel- 
vages on  two  sides,  and  they  do  not 
require  hemming  on  those  sides.  Hems 
should  be  begun  and  finished  by  neatly 
sewing  the  ends  of  the  fold. 


SEWING. 

Sewing  or  seaming  means  joining  two 
edges  together  ;  selvages  are  seldom  even, 
and  it  is  better  to  turn  them  in,  and  then 
pin  or  tack  the  edges  evenly  together. 
Hold  the  work  firmly  with  the  thumb, 
along  the  side  of  the  first  finger  of  the 
left  hand,  supporting  it  with  the  second 
and    third    fingers.      Point    the    needle 
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straight  towards  the  chest,  and  the 
stitches  should  only  be  taken  deep 
enough  to  make  the  seam  durable ;  if 
taken  too  deep,  they  make  a  thick  ridge 
which  can  never  be  flattened  out  properly. 

Never  make  a  knot  in  sewing;  leave 
out  one  end  of  the  thread  and  sew  it  over 
with  the  first  few  stitches. 

Do  not  begin  a  seam  at  the  point  of 
your  finger,  but  along  the  side  about  the 
beginning  of  the  nail;  and  when  you 
require  a  new  needleful  of  thread  leave  an 
end  of  the  last  used  and  the  same  length 
of  new,  and  sew  neatly  over  both  of  them. 

In  good  sewing  the  stiches  are  small, 
even,  and  regular,  allowing  space  for  one 
stitch  between  them,  as  in  hemming.  The 
usual  fault  in  seams  is,  that  they  are 
puckered  ;  but  if  the  work  is  held  properly, 
and  the  needle  pointed  straight  to  the 
chest,  it  will  not  happen.  When  the  sew- 
ing is  finished,  lay  the  seam  open  and 
flatten  with  the  thumb  nail. 


DOUBLE  SEAM  OR  SEW  AND  FELL. 

When  the  edges  of  the  material  are  raw, 
they  should  be  cut  quite  smooth  and  even, 
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and  be  free  from  loose  threads  ;  turn  one 
edge  down  like  the  first  fold  of  a  hem,  the 
other  should  be  turned  just  double  the 
width,  so  that  it  can  be  folded  back  again 
to  form  the  "  fell."  Place  the  edges  of 
both  pieces  together  with  the  turns  inside, 
and  sew  them  neatly ;  when  finished,  lay 
the  seam  down  very  smoothly  and  hem 
the  fold  on  the  wrong  side. 

The  sewing  is  always  on  the  right,  and 
the  hem  on  the  wrong  side  of  the  cloth. 


STITCHING. 

It  seems  strange  that  the  only  stitch 
an  ordinary  sewing-machine  can  do  is 
just  the  one  that  is  generally  done  the 
best  by  all  needlewomen.  Perhaps  it  is 
because,  the  stitch  lying  flat  on  the  sur- 
face, it  is  easily  seen  ;  and  it  is  so  much 
used  in  finishing  off  garments  that  it  is 
generally  carefully  learnt.  The  material 
must  always  be  double  for  stitching,  and 
if  a  straight  line  be  required,  draw  out  a 
thread  a  short  distance  from  the  edge  on 
the  right  side  of  the  work  (using  the  point 
of  the  needle) ;  then  take  it  firmly  be- 
tween the  thumb  and  first  finger  of  the 


STITCHING.  161 

right  hand  and  draw  it  gently,  whilst  the 
thumb  and  first  finger  of  the  left  hand 
move  on  the  gathers  thus  formed.  When 
a  long  thread  is  drawn  out  without 
breaking,  it  is  considered  a  sign  that 
the  linen  is  good.  Hold  the  work  as  for 
hemming,  and  pass  the  needle  in  at  the 
wrong  side  between  the  material,  and 
bring  it  out  on  the  right,  the  stitch  being 
formed  by  putting  the  needle  back  over 
two  threads  from  that  with  which  you 
work,  and  bringing  it  out  two  threads 
before  it.  Be  particular  not  to  leave  a 
thread  between  the  stitches,  which  would 
spoil  the  look  of  the  work ;  two  threads 
form  a  stitch  that  is  always  suitable  for 
the  material.  In  finishing  off  a  needleful 
pass  the  needle  to  the  wrong  side  and  run 
it  in  and  out  of  the  stitches  for  about  a 
quarter  of  an  inch ;  then  run  in  the  new 
thread  in  the  same  way  and  bring  out  the 
needle  to  the  right  side,  two  threads 
before  the  last  stitch.  There  must  be  no 
knots  allowed  in  stitching. 

Sometimes,  as  in  wristbands  and  collars, 
the  ends  are  rounded,  and  then  it  is  a  great 
help  to  draw  the  line  for  the  stitching  with 
a  black  lead  pencil,  as  a  thread  cannot  be 
drawn  to  keep  it  even  all  the  way  round. 

11 
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GATHERING. 

Gathering  is  used  when  a  full  part  has 
to  be  set  into  a  plain  one,  such  as  a  sleeve 
into  a  wristband,  etc.  The  part  to  be 
gathered  should  be  perfectly  even  and 
loose  threads  cut  off,  then  fold  it  in  half 
and  quarters,  sewing  a  mark  at  each. 
Make  a  crease  by  laying  down  a  fold 
about  twelve  or  fourteen  threads  from  the 
raw  edge,  and  the  running  must  be  on 
this  line,  as  a  thread  should  never  be 
drawn  for  gathering.  Gather  always  on 
the  right  side,  and  there  should  be  just 
twice  as  much  left  between  each  stitch 
as  there  is  taken  up  on  the  needle  ;  two 
threads  up  and  four  down  is  the  usual  rule ; 
but  the  fuller  the  gathers  the  longer  the 
stitches  must  be.  Four  or  five  stitches 
may  be  taken  on  the  needle  at  once  ;  but 
the  thread  need  not  be  drawn  tightly 
except  at  every  finger-length,  and  a  new 
thread  should  be  taken  only  at  the  quarters, 
or,  in  case  of  the  thread  breaking,  it  may  be 
at  the  half-quarter.  When  the  gathering 
is  finished  the  thread  must  be  carefully 
tightened  and  wound  round  a  pin  to  pre- 
vent it  from  getting  loose ;  place  the 
gathers  straight,  side  to   side,   and  hold 
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them  do wd  firmly  and  smoothly  with  the 
thumb  of  the  left  hand  upon  the  first 
finger.  Each  gather  should  be  taken 
separately  and  "  traced"  or  stroked  down 
with  the  point  of  a  long  needle,  then  it 
should  be  gently  pushed  under  the  left 
thumb,  and  when  all  are  done  the  thread 
should  be  tightened  again,  and  the  top  of 
the  gathers  should  also  be  stroked,  as  it 
makes  it  easier  for  "  setting  in,"  besides 
looking  more  even. 


SETTING  IN  GATHERS. 

Divide  the  band  into  which  the  gathers 
are  to  be  sewn  into  half  and  quarters  ; 
open  the  gathers  a  little  and  pin  the  cor- 
responding parts  together,  placing  the 
edge  of  the  band  just  over  the  gathering 
thread,  which  should  be  drawn  so  as  to 
agree  in  length  with  the  band  ;  it  is  then 
secured  by  twisting  the  thread  round  the 
pin.  Hold  the  work  with  the  thumb 
upon  the  first  finger  of  the  left  hand,  the 
gathers  lying  almost  from  left  to  right. 
Only  one  gather  should  be  taken  up  at  a 
time,  and  they  should  be  fastened  in  with 
firm  neat  stitches.     The  wrong  side  must 
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be  set  in  with  equal  care,  and  the  edge  of 
the  band  must  agree  precisely  with  the 
edge  upon  the  right  side. 


BUTTON-HOLES. 

To  work  button-holes  well  requires 
care  and  practice,  and  beginners  should 
not  at  first  try  to  do  fine  ones.  Cut 
the  slit  even  to  a  thread,  and  just  large 
enough  to  reach  across  the  button  ;  then 
take  a  needle  and  cotton  and  run  it 
slightly  round,  a  short  distance  from  the 
edge  :  this  keeps  the  parts  neatly  together 
and  also  strengthens  it.  Some  people 
prefer  running  the  outline  before  the 
button-hole  is  cut,  but  it  is  not  generally 
done.  Hold  the  work  straight  along  the 
forefinger  of  the  left  hand,  and  insert  the 
needle,  four  or  five  threads  from  the  raw 
edge  at  the  left-hand  corner ;  before 
drawing  it  quite  through  bring  the  cot- 
ton from  the  eye  of  the  needle,  over  the 
needle,  and  from  left  to  right  under  its 
point.  Draw  the  needle  out  straight 
from  the  edge,  keeping  the  hand  up- 
wards, so  that  the  loops  may  lie  on  the 
edge    of  the  button-hole   which  the  left 
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thumb  presses  close  against  the  finger. 
One  thread  is  left  between  the  stitches, 
and  if  the  cotton  be  a  proper  size  this  will 
allow  room  for  the  twist  at  the  edge. 
Work  as  nearly  to  the  end  as  possible  ; 
then  take  two  stitches  across  to  the 
other  side  and  work  these  threads  over  in 
button-hole  stitch.  This  is  called  "  bar- 
ring "  button-holes,  and  prevents  their 
tearing  so  easily.  Often  a  button-hole 
is  barred  at  one  end  and  worked  round 
at  the  other,  or  it  may  be  worked  com- 
pletely round.  Care  must  be  taken  that 
the  stitches  are  all  the  same  depth ;  the 
beauty  of  a  button-hole  is  its  regularity. 

There  are  many  other  sorts  of  button- 
holes, but  this  is  the  one  generally  used 
in  plain  needlework.  Should  a  new 
thread  be  required  whilst  working  a 
button-hole,  fasten  off  the  former  one 
on  the  wrong  side,  and  join  the  new  one 
by  passing  it  through  the  loop  of  the  last 
stitch. 


SEWING-   ON   BUTTONS. 

We  wish  there  was  any  discovered 
way  of  keeping  on  shirt  buttons,  so  that 
the  laundress  could  be  defied ;  but  pearl 
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and  bone  buttons  will  break  and  leave 
our  work  untouched,  but  linen  buttons 
that  are  properly  sewn  on  will  last  for 
years.  Mark  a  circle  with  the  point  of 
the  needle  in  the  centre  of  the  button, 
and  then  stitch  it  neatly  on,  in  the  mark 
thus  made,  and  fasten  off  securely  at  the 
back. 


WHIPPING. 

Frills  and  thin  materials,  instead  of 
being  gathered,  are  " whipped' '  The 
work  is  divided  into  half  and  quarters  as 
for  gathering,  and  the  edge  must  be  even 
and  free  from  loose  threads.  Keep  the 
right  side  of  the  frill  downwards  and  roll 
in  about  eight  or  ten  threads  of  the  raw 
edge,  very  tightly  on  the  wrong  side,  with 
the  left  thumb  upon  the  first  finger  of 
that  hand.  For  each  stitch  pass  the 
needle  from  the  right  side,  and  bring  it 
out  on  the  wrong,  just  below  the  roll,  and 
pointing  towards  the  chest.  Take  the 
stitches  very  regularly  and  at  such  a 
distance  that  the  thread  (which  must  be 
strong  and  even)  can  draw  easily.  A 
new  thread  can  only  be  taken  at  the  half 
or  quarters,  and  it  is  less  likely  to  break 
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if  it  be  drawn  every  two  or  three  inches, 
and  that  will  also  be  quite  sufficient  to 
roll  at  a  time.  Draw  in  the  fulness  when 
the  whipping  is  finished,  and  pin  to  the 
corresponding  parts  of  the  band  as  in 
setting  in  gathers.  If  there  be  corners 
to  be  trimmed,  allow  an  extra  quantity 
of  frilling,  so  that  it  may  sit  properly. 
In  sewing  on  a  frill,  it  should  be  kept 
next  to  you,  and  every  whip  must  be 
taken  up ;  the  needle  should  be  set  in 
rather  aslant,  so  that  the  thread  may  lie 
between  the  whips;  but  the  neatest  way 
is  to  sew  only  the  top  of  the  whip  instead 
of  putting  the  needle  under  the  roll. 

Whatever  may  be  the  length  of  the 
band  the  frill  should  be  at  least  two  and 
a  half  or  three  times  as  long. 


RUNNING  AND  TUCKS. 

This  is  used  to  join  together  breadths 
of  materials,  such  as  muslin,  flannel,  etc., 
where  sewing  would  be  heavy  or  unsuit- 
able ;  it  is  also  always  used  in  dress- 
making, and  many  people  use  it  for  join- 
ing long-cloth. 

Hold  the  work  over  the  first  finger  of 
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the  left  hand  and  take  about  three  threads 
on  the  needle  for  a  stitch,  leaving  the 
same  number  down.  Several  stitches  can 
be  taken  at  the  same  time,  but  the  line  of 
running  should  be  quite  even  and  straight. 

Double  seam,  or  run-and-fell. — The 
raw  edges  should  be  cut  quite  even,  and 
the  edge  of  one  part  should  be  turned 
down  once,  like  the  first  fold  of  a  hem ; 
lay  the  other  part  on  it  a  thread  or  two 
below  the  top  of  the  fold,  and  run  them 
together  just  below  the  raw  edge  of  the 
turn.  When  the  running  is  finished,  lay 
the  seam  down  smoothly  and  hem  the  fold. 

Sewing  is  always  done  on  the  right, 
and  running  on  the  wrong  side. 

Tucks  are  sometimes  hemmed,  but  it 
is  more  usual  to  run  them,  the  chief 
difficulty  being  in  preparing  and  measur- 
ing them.  When  it  is  decided  at  what 
distance  the  tuck  shall  be  run  and  what 
depth  it  shall  be,  mark  the  same  on  a 
piece  of  paper  or  card,  and  laying  it  on 
the  material,  mark  the  edge,  by  pricking 
it  at  intervals  with  the  point  of  a  large 
needle.  Then  crease  the  spaces  between 
the  marks  and  run  the  tuck  with  small, 
even  stitches.  The  edge  of  one  tuck 
forms  the  guide  for  measuring  the  next. 
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HERRING-BONE  STITCH. 

This  is  always  used  in  making  up 
flannel,  and  it  is  occasionally  used  as  an 
ornamental  stitch  on  muslin  or  calico. 
The  selvage  of  flannel  should  be  torn  off, 
but  it  need  not  be  wasted,  for  it  makes 
nice-looking  and  most  comfortable  cross- 
overs for  poor  people,  and  warm  stays  for 
their  children. 

Eun  the  breadths  of  flannel  neatly 
together  on  the  wrong  side  about  a 
quarter  of  an  inch  from  the  edge.  Fold 
one  side  over  as  if  for  a  "  fell,"  but  leave 
the  raw  edge  ;  hold  the  flannel  across 
the  two  first  fingers  of  the  left  hand, 
keeping  it  firm  with  the  thumb  and  third 
finger.  Slip  your  needle  under  the  fold 
and  bring  it  out,  about  the  centre  of  it  at 
the  left-hand  corner;  then  take  two  threads 
of  the  material  on  the  needle,  just  below 
the  raw  edge  of  the  fold,  working  always 
from  left  to  right  and  taking  the  stitches 
in  parallel  lines  on  the  fold  and  on  the 
material  alternately.  The  needle  should 
generally  go  in  at  the  fourth  thread  from 
where  it  went  in  last  time  ;  but  we  have 
seen  some  exquisite  work  in  which  the 
stitches  were  taken  closer.     The  edge  is 
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held  down  by  the  thread  passing  over  it  in 
what  some  one  has  aptly  described  as  "  a 
sort  of  cross-stitch  worked  backwards. " 


PATCHING. 


This  is  such  an  essential  acquirement 
that  it  seems  strange  it  has  been  so 
seldom  taught  in  schools,  especially  as  it 
requires  very  careful  practice  to  do  it  pro- 
perly. Darning,  or  the  removal  of  worn 
parts  to  places  where  they  will  not  be  so 
much  used,  sometimes  prevents  the  neces- 
sity of  putting  a  patch ;  but  rents  or  jagged 
tears  come  very  unexpectedly,  and  then  a 
patch  must  be  put  in, — taking  great  care, 
however,  to  match  the  pattern,  if  there  be 
one. 

Cut  the  piece  you  intend  for  the  patch 
larger  than  the  worn  part,  and  cut  it 
straight  by  a  thread.  Turn  down  about 
half  an  inch  on  each  side ;  be  careful  to 
make  the  corners  set  very  neatly  and  to 
fold  it  down  on  the  wrong  side.  Tack 
it  slightly  to  keep  it  in  its  place  on 
the  right  side  of  the  material;  sew  it 
along  the  edges  and  make  the  seam  very 
flat  and    smooth.      Then   cut  away  the 
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old  piece  on  the  wrong  side,  leaving  suffi- 
cient to  form  a  nice  hem ;  make  a  little 
slit  at  each  corner  so  that  it  may  be  set 
square ;  turn  in  the  raw  edges  and  hem 
round  the  sides.  Sometimes,  instead  of 
sewing  on  the  right,  and  felling  on  the 
wrong,  a  patch  is  felled  on  both  sides. 

A  flannel  patch  should  be  herring-boned, 
not  hemmed. 


FINE-DKAWING  CLOTH. 

In  mending  cloth,  always  try  to  fine- 
draw  it,  as  it  scarcely  shews  at  all  when 
properly  done.  Make  the  edges  quite 
even  and  hold  the  two  parts  lengthways 
on  the  first  finger  of  the  left  hand.  Pass 
the  needle,  pointed  from  you,  through  half 
the  thickness  of  the  edge  of  one  piece  of 
cloth,  then  point  it  towards  you  and  pass 
it  in  a  similar  way  through  the  edge  of  the 
other  piece.  Draw  the  stitches  closely 
together  without  bringing  one  edge  over 
the  other,  and  continue  in  this  way  taking 
a  stitch  on  alternate  sides  until  the  join  is 
finished.  Then  slightly  damp  the  cloth 
on  the  wrong  side,  soap  it  a  little,  and  press 
the  sewing  down  with  a  hot  iron.  When 
it    is    necessary  to   press   cloth    on   the 
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right  side,  a  piece  of  some  thin  material 
should  be  laid  on  it  to  prevent  its  being 
injured  by  the  iron.  A  patch  put  on  in 
this  way  is  almost  invisible. 


MARKING. 

Although  the  use  of  marking  ink  has 
almost  superseded  the  old  style  of  mark- 
ing with  needle  and  cotton,  every  girl 
should  know  how  to  do  it,  and  there  is 
nothing  better  to  learn  on  than  a  square 
piece  of  canvas.  It  must  be  cut  evenly 
and  the  hem  laid  down  by  a  thread,  turn- 
ing the  opposite  sides  first.  It  can  either 
be  hemmed  like  linen  or  hem-stitched 
round  the  sides. 

The  marking  stitch  is  made  by  taking 
two  threads  each  way  ;  pass  the  needle  in 
from  the  wrong  side,  at  the  left-hand  loiver 
corner ;  then  put  it  in  at  the  upper,  and 
bring  it  out  at  the  lower  right-hand,  corner; 
then  put  it  in  at  the  upper  Z^-hand  cor- 
ner, and  bring  it  out  at  the  loiver  left  of 
the  next  stitch.  There  should  be  no  knot 
made,  but  the  end  of  the  thread  should  be 
worked  in  with  the  first  two  stitches,  and 
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each  letter  should  be  fastened  off  sepa- 
rately on  the  wrong  side. 

In  marking  a  sampler,  two  or  four 
threads  should  be  left  between  the  letters  ; 
but  for  linen  there  should  be  eight  or  ten. 
There  are  several  other  ways  of  marking 
besides  this  cross-stitch. 

Queen-stitch  is  made  by  taking  a  sort 
of  back-stitch,  below,  above,  and  on  each 
side  of  a  square  of  four  threads. 

In  eyelet-hole  marking,  the  stitch  is 
worked  from  the  centre  across  two  threads, 
above,  below,  on  each  side,  and  to  each  of 
the  four  corners. 

Letters  are  sometimes  traced  with  a 
lead  pencil,  and  then  either  stitched  neatly 
or  worked  in  chain-stitch.  In  chain-stitch 
the  same  quantity  must  be  taken  on  the 
needle  at  each  stitch.  To  make  the  stitch 
pass  the  needle  in  from  the  back,  hold  the 
thread  under  the  left-hand  thumb,  and 
pass  the  needle  back  again  through  the 
same  hole  ;  take  a  few  threads  of  the 
pencilled  line  upon  it,  keeping  the  loop  of 
thread  under  the  point.  Draw  it  through 
carefully,  or  the  material  will  be  puckered 
and  spoil  the  look  of  the  "  chain." 
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DARNING  (PLAIN,  ETC.) 

The  mere  mention  of  this  subject 
makes  one  think  of  the  inevitable  stock- 
ing-mending that  is  so  familiar  to  us  all. 
There  is  a  story  told  of  one  old  lady  who 
was  so  constantly  mending  stockings,  and 
always  with  the  same  needle,  that  at  last 
the  needle  was  able  to  do  them  by  itself. 
Unhappily  this  famous  needle  could  never 
be  used  after  its  owner's  death,  because 
of  the  tear  that  always  dimmed  its  eye  ! 
So  we  must  take  time  and  patience  and 
acquire  this  most  useful  accomplishment. 
Needles  used  for  darning  are  made  longer 
than  ordinary  sewing-needles,  and  have 
long  instead  of  round  eyes. 

Before  beginning  to  darn  a  stocking  (or 
indeed  anything  else)  take  a  needle  and 
fine  cotton  and  bring  the  loops  or  threads 
as  nearly  as  possible  to  their  proper  place, 
and  draw  them  gently  together  on  the 
right  side.  Then  on  the  inside  of  the 
stocking  begin  the  darn  about  half  an 
inch  beyond  the  hole.  Stockings  can  be 
mended  in  three  different  ways  ;  the  first 
and  most  usual  is  the  plain  darn;  then 
they  can  be  grafted,  or  they  can  be 
mended  by  the  stocking-web  darn. 
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Plain  darning. — After  the  hole  has  been 
drawn  together  as  closely  as  possible,  with- 
out giving  a  puckered  appearance,  begin 
the  darn  on  the  wrong  side  about  half  an 
inch  every  way  beyond  the  worn  part. 
Hold  the  work  across  the  first  and  second 
fingers  of  the  left  hand,  point  the  needle 
from  you,  and  take  up  and  leave  down 
a  thread  alternately ;  leave  a  loop  at  the 
end  of  the  row,  and  begin  to  darn  with 
the  needle  pointed  towards  you,  taking 
up  the  threads  that  were  left  down 
in  the  preceding  row.  When  the  worn 
part  has  been  entirely  covered  in  this  way 
it  will  be  necessary  to  darn  it  in  a  con- 
trary direction,  so  as  to  cross  the  former 
threads,  taking  up  and  leaving  down 
one  alternately.  If  it  is  a  large  darn  it 
will  set  better  if  the  crossing  be  begun  at 
the  middle  instead  of  the  end  of  the  row. 

For  mending  stockings  we  prefer 
" twill"  darning,  that  is,  taking  up  one 
and  leaving  down  two  threads ;  in  the 
succeeding  rows,  the  next  stitches  either 
above  or  below  must  be  taken.  This  may 
be  varied  by  darning  four  rows  with  the 
stitches  slanting  upwards,  and  then  four 
rows  with  the  stitches  slanting  down- 
wards ;  this  is  known  as  "  wave"  darning. 
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When  a  darn  is  finished  cut  the  loops  at 
each  end  of  the  rows,  but  do  not  cut 
the  ends  off.  Tightly  twisted  thread  or 
merino  does  not  wear  as  well  in  darns  as 
the  very  soft  kind  of  cotton  and  wool. 


GRAFTING. 


This  is  really  a  neat  and  rapid  way  of 
putting  in  a  "  patch;"  and  is  very  use- 
ful in  mending  places  where  darns  are 
undesirable.  Cut  the  piece  out  of  the 
stocking  quite  straight  by  the  line  on 
each  side  and  ravel  the  lower  edge,  as 
well  as  the  edge  of  the  piece  that  is  to  be 
put  in,  until  the  loops  appear  in  a  clear 
and  even  row.  Hold  the  pieces  between 
the  thumb  and  forefinger  of  the  left  hand 
just  as  you  would  hold  them  for  sewing, 
with  the  loops  exactly  opposite,  wrong 
side  outwards.  Pass  the  needle,  pointed 
from  you,  through  the  two  loops  of  the 
pieces  that  lie  opposite  each  other,  and 
draw  the  thread  through  them;  then 
point  the  needle  towards  you  and  pass 
it  through  the  next  loop  of  the  farther 
piece,  and  pass  it  a  second  time  through 
the  loop  of  the  piece  next   you.     Then 
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point  the  needle  from  you  and  pass  it 
through  the  next  loop  on  the  same  piece 
and  the  same  loop  on  the  farther  piece,  so 
that  a  fresh  loop  is  taken  on  each  side 
alternately  until  the  join  is  finished. 

Another  way  of  working  the  same 
stitch  is  to  work  it  on  the  right  side. 
Prepare  the  work  in  the  same  way,  but 
hold  the  pieces  lengthways  over  the  fore- 
finger of  the  left  hand.  The  loops  must 
always  be  even  and  unbroken ;  fasten  the 
thread  on  the  wrong  side  and  bring  it  out 
through  a  loop  on  the  right.  Put  the 
needle  into  one  of  the  loops  of  the  upper 
piece,  and  bring  it  out  through  the  next, 
and  draw  the  thread  through  them ;  then 
pass  it  through  the  first  loop  on  the  lower 
piece,  and  bring  it  out  through  the  next 
one.  Continue  in  this  way  to  work  through 
two  loops  on  alternate  sides  until  the  graft- 
ing is  finished.  When  a  piece  is  joined  in, 
the  sides  must  be  cut  even  to  thread,  and 
turned  down  and  neatly  sewn  on  the  wrong 
side.  Sometimes  the  sides  of  the  hole 
as  well  as  of  the  patch  are  cut  even  and 
button-holed  very  closely.  After  the  got 
has  been  grafted,  sew  the  sides  neatly  to- 
gether, and  after  ravelling  the  piece  so  that 
it  will  fit  exactly,  graft  it  in  at  the  bottom. 

12 
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STOCKING-WEB   STITCH. 

Prepare  the  stocking  by  cutting  the 
sides  of  the  hole  quite  even,  and  ravelling 
out  the  loops  at  the  top  and  bottom,  as 
for  grafting.  The  easiest  way  of  learn- 
ing the  stitch  is  to  take  a  piece  of  coarse 
stocking- web  and  work  on  the  right  side 
over  the  stitches.  Pass  the  needle  in 
where  the  woven  thread  goes  in,  and  pass 
it  under  two  threads  so  that  it  comes  out 
where  the  next  stitch  goes  in ;  then  put 
the  needle  in  one  thread  to  the  right 
(but  one  bar  below  the  last),  and  take  up 
two  threads  to  the  left ;  then  put  it  in 
one  thread  to  the  right  in  the  bar  above, 
and  take  two  threads  on  the  needle  as 
before.  Continue  doing  this  until  the  row 
is  finished,  when  a  bar  must  be  taken 
downwards,  the  work  turned,  and  the  stitch 
worked  in  the  same  way  again.  When 
ibis  stitch  is  learnt  it  is  easy  to  fill  a 
hole  with  the  stocking- web  stitch,  and  if 
the  colours  match  it  is  the  best  way  of 
mending  large  holes. 

The  hole  itself  must  be  partly  filled  by 
strands  of  thread  formed  by  taking  two 
loops  at  the  top  and  bottom  alternately. 
Two  or  three  rows  before  the  hole  should 
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be  worked  in  the  stitch  just  described,  and 
the  lines  must  be  worked  across  in  the 
same  way  until  the  hole  is  filled  up. 

It  is  quite  worth  taking  the  trouble  to 
learn  this  stitch,  although  it  seems  rather 
troublesome  at  first. 

"  Ladders "  in  stockings,  so  easily- 
formed  by  a  dropped  stitch,  are  best 
mended  with  a  crochet  needle.  Begin 
at  the  bottom  and  pass  the  needle  through 
the  loop,  and  draw  the  line  of  thread  that 
is  just  above  down  through  it,  when  it 
forms  the  loop  through  which  the  next 
line  is  drawn  until  the  top  of  the  ladder 
is  reached,  when  it  must  be  neatly  fas- 
tened with  a  needle  and  thread. 


KNITTING. 


Knitting  is  now  so  generally  taught 
in  schools  that  a  book  on  plain  needle- 
work would  hardly  seem  complete  with- 
out any  directions  for  doing  it.  It  has 
one  great  advantage  over  other  work  :  it 
can  be  taken  up  at  odd  minutes  and 
does  not  require  much  eyesight  or  atten- 
tion. Boys  and  girls,  young  and  old 
people   can   employ  their   spare  time  in 
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making  all  sorts  of  useful  articles;  and' 
to  be  able  to  knit  the  socks  or  stockings 
for  the  family  is  justly  considered  some- 
thing to  be  proud  of.  Woven  stockings 
may  seem  cheaper  at  first ;  but  they  are 
neither  so  warm  nor  so  durable  as  knitted 
ones ;  and  any  person  who  can  do  them 
can  always  obtain  work  that  is  fairly  re- 
munerative. 

There  are  three  different  ways  of 
holding  the  right-hand  needle.  In  the 
"  English  "  the  needle  rests  in  the  hollow 
between  the  thumb  and  first  finger;  but 
in  passing  the  thread  round  the  needle, 
people  are  apt  to  push  the  thumb  forward 
in  a  very  unsightly  manner.  This  must 
be  carefully  avoided,  as  the  thumbs  should 
never  be  moved  in  knitting. 

In  the  other  English  method  the 
needle  rests  along  the  first  joint  of  the 
second  finger,  and  is  firmly  held  between 
it  and  the  ball  of  the  thumb.  The  top 
of  the  thumb  should  be  about  half  an 
inch  below  the  last  knitted  stitch.  Twist 
the  thread  round  the  little  finger  and 
pass  it  under  the  third  and  second 
fingers,  and  over  the  first ;  the  tips  of  the 
third  and  fourth  fingers  should  almost 
touch  the  palm  of  the  hand. 
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The  German  style  of  knitting  is  not 
so  generally  used,  but  sometimes  it  is 
preferred.  The  chief  difference  is,  that 
the  thread  is  knitted  in,  over  the  first 
joint  of  the  left  forefinger,  and  in  working 
it  the  thumbs  seem  close  together.  It 
is  a  help  to  a  learner  if  some  one  shows 
how  the  needles  should  be  held,  and  then 
the  stitch  itself  is  soon  learnt. 

To  cast  on. — This  used  to  be  rather 
a  formidable  affair,  as  a  strong  edge  was 
considered  absolutely  necessary ;  but 
experience  has  shewn  that  strength 
that  will  break  rather  than  yield  is  never 
desirable  (especially  for  the  tops  of  stock- 
ings); therefore  a  more  elastic  stitch  is 
preferable.  Make  a  slip-loop  with  the 
thread,  and  put  it  on  the  left-hand  needle ; 
into  this  stitch  put  the  right-hand  needle, 
pass  the  thread  round  it  from  the  back  to 
the  front,  bring  it  down  underneath  the 
last  stitch  and  pass  the  loop  thus  formed 
from  the  right-hand  needle  on  to  the 
left,  and  continue  making  stitches  in 
this  manner  until  there  are  sufficient  on 
the  needle. 

To  Jcnit. — Put  the  right-hand  needle 
into  the  first  stitch  on  the  left-hand 
needle,  keeping  the  thread  at  the  back : 
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pass  the  thread  round  the  needle  to  the 
front,  and  bring  the  stitch  out  forwards, 
where  the  needle  went  in,  at  the  same 
time  slipping  off  the  stitch  from  the  left- 
hand  needle. 

To  cast  off. — Casting  off  should  be  done 
rather  loosely.  Knit  two  stitches  :  take 
the  first  stitch  on  the  point  of  the  left- 
hand  needle,  and  pass  it  over  the  second, 
so  that  only  one  stitch  is  left  on  the 
needle;  knit  one  more  stitch,  and  pass 
the  first  over  the  last;  and  continue  work- 
ing in  this  way  until  there  is  only  one 
stitch  left,  through  which  draw  the  thread 
and  pull  it  tight. 

To  purl  or  turn. — This  is  worked  with 
the  thread  before  the  needle.  Put  the 
right-hand  needle,  point  downwards,  into 
the  first  stitch  on  the  left-hand  needle; 
pass  the  thread  round  the  needle  from 
the  back  to  the  front,  and  bring  the  stitch 
out  at  the  back. 

Bibbed  knitting. — In  knitting  socks 
and  stockings  the  tops  are  generally 
ribbed ;  this  makes  them  more  elastic, 
and  they  fit  more  closely  to  the  leg. 
The  rib  is  formed  by  knitting  and  purl- 
ing alternately;  two  plain  stitches  and 
two   purled  form  a  very  nice-sized  rib. 
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In  working  a  straight  piece  of  knitting 
the  stitches  should  be  reversed  in  the 
following  row,  the  plain  stitches  being 
the  purled  ones,  to  keep  the  lines  even. 
In  knitting  on  three  needles  no  change 
is  necessary. 

To  increase. — Knit  twice  into  a  stitch. 
This  is  best  done  by  knitting  one  and 
purling  one,  in  the  same  stitch.  For 
stockings,  either  knit  a  stitch  at  the  back 
of  the  needle  and  then  one  in  the  front, 
or  knit  a  stitch  and  then  knit  into  the 
one  below  it,  so  that  there  may  be  no 
hole. 

To  decrease  or  take  in.  This  is  gene- 
rally done  by  knitting  two  stitches  to- 
gether ;  but  it  should  depend  on  which 
way  the  decrease  is  intended  to  lie.  On 
the  right  hand  of  a  seam-stitch  knit  two 
together,  but  on  the  left  hand,  slip  a 
stitch  (take  it  off  without  knitting) ;  knit 
the  next  and  pass  the  slipped  stitch  over 
the  knitted  one. 
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THE    OBJECTS  AND  GENERAL   USE  OF  CLOTHING. 

No  one  likes  to  feel  the  cold.  Hence  vari- 
ous means  have  been  resorted  to,  for  the 
purpose  of  avoiding  this  inconvenience, 
by  which  the  natural  heat  of  the  body 
may  be  maintained.  So  we  build  houses 
and  put  on  clothes. 

Man  is  the  only  animal  ivearing  clothes. 
He  is  not  provided,  as  other  animals  are, 
with  an  external  means  of  maintaining 
warmth,  and  he  therefore  suffers  con- 
siderably from  any  lengthened  exposure 
to  a  low  temperature.  The  natural  heat, 
in  a  healthy  man,  is  always  ninety-eight 
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degrees,  as  marked  on  an  ordinary  ther- 
mometer, and  this  heat  is  produced  in 
just  as  simple  a  manner  as  that  which 
results  from  a  common  fire,  or  a  lighted 
candle  or  gas  lamp.  There  is  no  difficulty 
in  understanding  why  we  are  warm.  It 
is  the  result  of  the  process  of  combustion. 
"We  are  warm  in  ourselves  because  we  are 
burning  away  bit  by  bit,  just  as  a  candle 
does — that  is  to  say,  by  the  union  of 
carbon  or  charcoal  with  oxygen  gas. 
There  is  only  this  difference,  we  burn 
wet  materials,  and  do  not  make  a  flame 
or  give  light.  We  take  our  coal  or  tallow 
in  the  shape  of  butter,  sugar,  starch,  and 
fat,  and  get  the  oxygen  gas  from  the  air 
we  breathe. 

You  see  the  monkey  that  used  the  cat's 
paw  to  get  his  chestnuts  from  the  fire 
knew  that  the  fire  was  hot,  and  would 
burn  him.  It  is  very  important  we 
should  remember  the  difference  between 
the  production  of  heat  and  its  mere 
maintenance. 

Now  we  know  that  work  or  exercise 
makes  us  warm.  We  breathe  more  quickly 
and  burn  more  fuel;  so  if  we  have  to 
work  very  hard  we  must  have  more  food 
than  usual.     While  at  work  we  shall  not 
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feel  cold.  We  may  play  at  snow-balling 
and  get  hot,  while  we  should  shiver  if  a 
snow-ball  were  placed  in  our  hands  when 
asleep. 

But  man  cannot  always  be  active,  rest- 
less, and  energetic.  If  he  were  a  wild 
animal  he  might  possibly  exist  without 
clothing.  As  a  human  being  he  cannot, 
and  we  find  that  just  in  proportion  as  he 
is  more  or  less  civilized,  as  he  becomes 
associated  with  his  fellows,  and  dealing 
in  commerce,  so  he  engages  in  manufac- 
tures, makes  discoveries,  builds  houses, 
and  puts  on  clothes. 

We  must  never  forget,  however,  that 
food,  and  food  alone,  is  the  legitimate 
cause  of  warmth  in  the  body. 

Liebig  says,  "  Clothes  are  only  a  sub- 
stitute for  food,"  and  it  will  be  readily 
understood  that  to  keep  water  boiling 
requires  less  heat  than  to  make  it  boil, 
so  if  the  loss  of  heat  be  prevented  or 
diminished,  so  much  the  less  supply  of 
fresh  fuel  is  needed. 

"  Starvation  from  cold,"  says  Sir  John 
Boss,  "  most  certainly  follows  starvation 
from  food."  This  is  the  reason  of  our 
poorer  friends,  both  badly  fed  and  scantily 
clothed,  huddling  together  in  overcrowded 
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houses  ;  and  we  cannot  wonder  at  the 
broken  panes  of  glass  being  pasted  over 
with  paper,  and  the  cracks  and  crevices 
being  stopped  up  with  rags. 

The  " nipping  and  eager  air"  has  a 
double  meaning  to  those  who  are  poor. 
It  is  indeed  true  that  "  the  sharp  needles 
of  the  frost  stab  the  homes  of  the  poor, 
and  the  beautiful  stars  of  the  snow  fight 
against  them." 

But  here  we  should  know  that  the 
absence  of  fresh  air  renders  any  one  more 
susceptible  of  cold.  It  is  in  itself  a  very 
cold-defying  store  of  life.* 

"  The  best  fuel  in  winter  is  a  well-filled 
stomach." 

We  regulate  our  clothing  according  to 
the  external  variations  of  temperature. 
We  should  also  regulate  our  diet  in  the 
same  way.  Clothing  should  be  looked 
upon  as  only  supplementary. 

If  we  were  cast  into  the  Arctic  regions 
we  should  have  to  eat  blubber  and  train 
oil  with  the  Laplanders  or  Esquimaux, 
and  clothe  in  thick  furs ;  while,  on  the 
other  hand,  if  fate  threw  us  into  Africa, 
we  should  be  glad  to  clothe  as  described 

*  Practical  thought — there  is  no  more  nutritious  or 
warmth-producing  food  than  pea-soup  or  pease-pudding. 
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by  Captain  Speke,  with  "  merely  an  iron 
collar  and  bracelet." 

We  use  clothes  firstly,  then,  to  maintain 
heat.  Secondarily,  they  are  of  use  to 
keep  off  direct  heat  (as  in  India  and  the 
tropics),  and  to  defend  us  from  bites  of 
insects,  to  prevent  dirt  accumulating, 
and  to  remove  undue  pressure  from  cer- 
tain parts  of  the  body,  as  exemplified  in 
shoes  and  sandals.  These  points  severally 
and  collectively  regulate  our  choice  of 
clothing,  and  arrange  its  material,  colour, 
and  form. 


IL 

THE    MATERIALS    USED    AS   CLOTHING. 

Both  animal  and  vegetable  kingdoms 
furnish  substances  that  man  has  adapted 
for  his  clothing,  and  the  material  is  to  be 
regulated  by  the  effect  we  wish  to  produce, 
and  the  climate  in  which  we  dwell. 

One  grand  principle  exists/  Substances 
of  animal  origin,  furs,  hair,  wool,  silk,  and 
leather  are  intrinsically,  that  is  to  say  in 
themselves,  ivorse  conductors  of  heat  than 
the  vegetable  fibres  of  the  cotton  or  flax 
plant.    So  we  say  they  are  warmer.    This 
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has  been  proved  in  a  very  simple  manner. 
A  vessel  of  boiling  water,  surrounded  with 
linen  shirting,  will  loose  ten  degrees  of 
heat,  and  be  so  much  colder  in  seven 
minutes  and  twenty -four  seconds;  but 
if  the  vessel  be  surrounded  with  white 
flannel  of  the  same  thickness  as  the 
linen,  it  will  take  thirteen  minutes  and 
fifteen  seconds  to  get  as  cool. 

Our  warm  winter  coat  keeps  in  the 
heat,  and  nature  does  much  the  same 
for  the  animals.  The  horse  changes  his 
coat  from  a  smooth  sleeky  one  to  a  rough 
thick  one. 

Four  natural  products  supply  us  with 
most  of  our  materials  for  clothing.  Let 
us  say  a  word  or  two  about  each. 

Cotton  is  a  vegetable  wool,  obtained 
from  the  inside  of  the  pod  or  fruit  of  the 
plant.  Its  fibres  have  a  peculiar  twist, 
which  allows  them  to  be  spun  together 
and  form  a  thread,  which  can  be  woven 
into  cloth.  Its  manufacture  has  not  been 
long  introduced  into  this  country ;  but  it 
is  now  one  of  our  largest  trades.  Such 
has  been  the  amount  of  genius  and  energy 
devoted  to  its  manufacture,  that  we  are 
now  enabled  to  fetch  the  raw  material 
many  thousand  miles,  manufacture  it  into 
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goods,  and  carry  them  back  to  sell  to  the 
very  men  who  have  had  the  plant  grow- 
ing in  their  midst,  and  have  made  cotton 
cloth  from  the  remotest  ages. 

Cotton  fibre  is  hard  and  wears  well,  it 
does  not  shrink  in  washing,  and  occupies 
the  middle  place  between  linen  and  wool 
as  a  warmth-maintaining  substance.  In 
choosing  cotton  cloth  look  to  the  smooth- 
ness and  even  texture. 

Linen  is  finer  than  cotton,  and  the 
fibres,  in  place  of  being  twisted,  are 
knotted.  Cloth  made  from  it  is  smoother 
than  that  made  from  cotton,  and  it  con- 
ducts heat  more  rapidly,  and  hence  it  is 
cooler  for  wear. 

Silk  is  a  very  ancient  clothing  mate- 
rial, and  is  an  animal  product.  It  is  an 
excellent  material,  warmer  than  cotton, 
but  not  so  warm  as  wool.  It  was  used  by 
the  ancient  Greeks  and  Romans  without 
any  knowledge  of  its  origin  or  source, 
and  it  was  not  until  555  that  the  rearing 
of  silkworms  and  working  of  silk  became 
known  out  of  China.  In  the  time  of 
James  I.  it  was  sold  in  England  weight 
for  weight  with  gold. 

Wool,  the  most  ancient  form  of  cloth- 
ing, is  undoubtedly  the  best  of  all.     It 
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has  but  one  objection,  and  that  is, 
shrinking  when  wet.  The  finest  wools 
have  the  smallest  fibres,  and  they  should 
be  long.  The  shrinking  of  the  fibre  in 
washing,  after  a  time  renders  woollen 
material  smaller  and  harder.  One  vitally 
important  character  possessed  by  wool 
is,  that  it  absorbs  water  freely  :  and  the 
water  not  only  lodges  between  the  woven 
fibres,  in  the  meshes  or  interstices  (as  we 
can  see  by  breathing  through  a  piece  of 
flannel  and  then  holding  it  up  to  the 
light),  but  it  enters  into  the  structure  of 
the  fibre  itself,  distending  it.  Compared 
with  cotton  or  linen,  wool  will  absorb,  in 
proportion  to  relative  weight,  double  the 
amount,  and  in  proportion  to  surface  four 
times  the  amount  of  water.  The  con- 
densation of  the  perspiration,  or  watery 
vapour,  that  is  being  constantly  thrown 
off  from  our  skins  takes  place  in  a  woollen 
garment,  and  the  heat  that  had  made  the 
water  vapour,  being  given  out,  the  gar- 
ment feels  warm  at  all  times.  Now  with 
cotton  and  linen  the  water  passes  through 
the  material,  and  evaporates  externally, 
thus  producing  a  further  chilly  sensation. 
Woollen  garments  are  twice  as  warm 
as  either  linen  or  cotton,  and  their  use 
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is  imperative  in  such  an  alternating  and 
fickle  climate  as  ours. 

Woollen  under  clothing  should  be 
chosen  smooth  and  soft  in  texture,  with- 
out any  long  or  straggling  hairs  being 
visible.  In  cloth,  the  heavier  the  sub- 
stance the  better  the  manufacture,  if  it 
present  a  uniform  texture,  without  holes, 
and  give  a  sharp  ringing  sound  on 
being  suddenly  stretched.  The  "  tearing 
power  "  is  the  best  test  of  quality. 

The  most  valuable  effect  of  woollen 
clothes  is  after  exertion,  for  it  is  then 
that  so  much  danger  ensues  from  chills 
and  cold.  We  can  do  with  but  very  little 
clothing  whilst  actively  at  work  ;  but  when 
at  rest  the  body  will  cool  down  rapidly, 
and  be  liable  to  injury  from  further  cool- 
ing. Flannel  and  woollen  garments  effec- 
tually prevent  this.  All  workmen  should 
have  flannel  shirts  and  jackets. 

As  it  is  when  the  body  is  at  rest  that 
the  greatest  risks  are  run  from  dampness 
and  draughts  of  cold  air,  it  follows  that 
flannel  is  the  safest  material  for  night 
garments. 

When  we  are  asleep,  the  nervous  system 
is  at  rest,  the  circulation  is  slow,  and  the 
body  is  less  able  to  resist  changes  of  tem- 

13 
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perature.  Flannel  will  be  our  guardian 
and  protector. 

There  are  a  few  persons  who  shrink  at 
the  mention  of  flannel  clothing ;  they  can 
realize  nothing  but  an  over-heated  and 
irritable  feeling.  To  such  I  say — do  not 
overlook  the  fact  that  wool  can  be  woven 
into  the  softest  gossamer-like  garment, 
and  yet  retain  its  sanitary  properties,  and 
will  even  bear  a  considerable  admixture 
of  silk  or  cotton  fibres  without  losing 
much  of  the  water-absorbing  power.  It 
would  be  well  if  our  manufacturers  tried 
more  experiments  in  this  direction. 

There  are  other  fibres,  both  vegetable 
and  animal,  occasionally  employed  for 
making  articles  of  dress,  such  as  hemp, 
jute,  and  alpaca  wool.  Their  actions  are, 
however,  in  every  respect  similar  to  the 
materials  described. 

Watekpeoof  clothing  is  most  unhealthy. 
I  acknowledge  that  India-rubber  is,  in 
a  thousand  ways,  a  most  valuable  dis- 
covery, but  as  a  garment  it  is  open  to 
serious  objections.  It  not  only  keeps  out 
wet,  it  effectually  Jceeps  it  in,  so  that  any 
one  wearing  such  a  garment  becomes, 
under  the  least  exertion,  thoroughly  damp 
in  the   whole  of  his   clothing.     This  is 
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unrecognized,  and  the  person  unknow- 
ingly exposes  himself  to  dangers  far  more 
subtle  and  effective  than  if  he  were  com- 
pletely drenched  hy  rain. 

Goloshes  are  quite  as  bad.  The  feet 
are  never  perfectly  dry,  and  are  therefore 
never  properly  warm. 

The  Council  of  Health  of  the  French 
Army  will  not  permit  India-rubber  over- 
alls, and  our  London  postmen  and  police- 
men equally  reject  such  garments.  Cloth 
can  be  made  waterproof  by  the  following 
simple  plan.  Make  a  weak  solution  of 
glue,  and  while  it  is  hot,  add  alum  in  the 
proportion  of  one  ounce  to  two  quarts. 
As  soon  as  the  alum  is  dissolved  and 
while  the  solution  is  hot,  brush  it  well 
over  the  surface  of  the  cloth  and  dry. 

Leathee  makes  an  extremely  warm 
clothing,  but,  like  waterproof  materials,  it 
is  liable  to  retain  the  perspiration,  and 
should  never  be  worn  without  flannel 
under-clothing,  and  then  not  for  a  per- 
manency. 

But  there  is  one  more  material,  useful 
for  maintaining  heat  in  the  body,  that 
deserves  special  notice :  that  is  common 
paper.  It  matters  not  whether  it  be 
white,   brown,    or    even    newspaper :    all 
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<payer  has  a  similar  warmth-maintaining 
property  to  wool,  and  it  has  the  further 
advantage  of  being  cheap  and  light. 

Our  mothers  and  our  grandmothers 
were  right  in  using  "  brown  paper  and 
vinegar/ '  and  in  applying  "  tallow  plas- 
ters "  to  our  chests  and  backs.  They 
acted  as  well  as  our  modern  "Allcock's 
Porous  Plasters,"  and  cost  nothing. 

To  the  poor  the  use  of  paper  is  invalu- 
able as  an  addition  to  their  clothing,  so 
frequently  thin  and  ragged.  Ordinary 
newspapers  tacked  together,  and  strength- 
ened by  calico,  however  coarse,  or  a  worn- 
out  bed- quilt,  will  make  warm  and  com- 
fortable bed-clothes. 

Brown  paper  sewn  inside  the  waistcoat 
or  back  of  the  jacket  will  render  a  top- 
coat unnecessary,  and  a  labouring  man's 
wife  can  be  as  warm  and  cozy  in  a  quilted 
paper  petticoat  as  any  duchess  in  her 
eider  down  and  furs. 

Wadding,  in  as  thin  a  layer  as  you 
please,  quilted  between  thick  paper,  will 
protect  our  chest  and  back  through  the 
coldest  season.  There  is  no  need  to 
spend  our  money  on  patent  appliances, 
or  expensive  luxuries.  We  have  used 
paper  for  some  time  as  a  substitute  for 
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linen  and  calico,  in  the  production  of 
ornamental  clothing,  as  cuffs,  collars,  and 
shirt-fronts.  Let  us  more  fully  recognize 
its  true  value  as*  a  warmth-maintaining 
material,  easily  obtained,  and  more  easily 
employed  than  most  woollen  manufac- 
tures. 

We  have  been  discussing  the  matter  of 
clothing,  up  to  this  point,  as  an  agent  for 
retaining  heat,  but  it  is  used  also  for  pro- 
tection against  external  heat,  as  in  India 
and  other  tropical  countries.  To  ensure 
the  best  results  from  wearing  clothes  with 
this  object,  we  have  only  to  attend  to 
colour  and  thickness  of  material. 

Colour  will  regulate  the  effect  of  the 
sun's  rays,  and  also  the  radiating  power 
of  the  body  itself.  White  reflects  heat 
best,  and  absorbs  it  least.  It  also  radiates, 
or  throws  off  heat  already  in  possession, 
at  a  much  less  rate  than  darker  colours. 

Black  material  radiates  and  cools  most 
quickly.  Nature  shows  the  truth  of  this. 
The  polar  bear  in  winter  is  snowy  white, 
in  summer  a  dingy  yellow  ;  and  the  little 
bird — the  snow-bunting — that  we  see  in 
England  during  winter  with  a  white 
body  and  tail  can  hardly  be  recognised 
abroad,  and  in  summer,  for  he  has  a  bril- 
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liant  black  tail  and  white  head,  and  black 
back. 

The  colours,  considered  in  this  way, 
are  classified  as  follows :  White,  Grey, 
Yellow,  Pink,  Blue,  and  Black.  So  that 
white  clothes  are  really  the  best  at  all 
times,  and  this  colour  has  the  further 
advantage  of  being  the  least  absorbent 
of  odours  or  gases ;  hence  nurses  and 
doctors  should  dress  in  white  if  possible. 

The  real  reason  of  our  wearing  coloured 
and  dark  clothes  is  purely  one  of  economy, 
a  matter  of  cost  of  soap  and  water,  and 
expense  of  washing.  We  sink  all  thoughts 
of  comfort  or  advantage,  to  be  saving.  I 
am  afraid  we  forget  one  important  sanitary 
fact  in  our  present  system,  and  that  is, 
that  colour  may  hide  dirt,  but  it  does  not 
prevent  it.  Eecollect,  dark  clothes  get  as 
dirty  as  light  ones,  and  should  be  changed 
or  cleaned  as  carefully,  if  we  wish  to  be 
healthy. 

Colour  is  the  chief  source  of  ornament, 
and  it  affords  us  many  charms.  This  is 
recognized  in  nature,  whose  face  has  been 
decorated  in  every  shade  of  brilliancy 
and  loveliness  for  our  gratification.  The 
most  savage  nations  show  an  appreciation 
of  colour  and  glitter,  and  the  taste  has 
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been,  in  the  civilized  world,  highly  pro- 
fitable. It  has  called  for  chemical  re- 
search, advanced  science,  and  formed 
numerous  branches  of  industry. 

Form  shares  equally  with  colour  in  the 
decorative  style  of  our  clothing,  and  our 
modern  fashions  do  not  favourably  com- 
pare with  those  of  past  ages  in  this  respect. 
It  is  seldom  indeed  we  can  improve  upon 
nature,  and  it  is  a  true  saying  of  Dry  den, 
"  God  never  made  His  work  for  man  to 
mend."  In  the  form  of  all  our  clothing  the 
nearer  we  keep  to  nature  the  better  for  us. 


III. 

"  OUR     WARDROBE. " 

We  will  now  talk  about  certain  articles 
of  attire  that  have  the  greatest  influence 
on  our  health,  and  I  will  deal  with  them 
as  plainly  and  fairly  as  possible. 

Let  us  commence  with  the  Head. 
Nature  has  provided  an  ample  covering, 
which  is  in  almost  all  cases  sufficient. 
It  certainly  is  so  with  children  and  young 
people,  and  babies  should  never  wear  caps. 
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The  "  blue-coat  boy"  does  not  suffer  from 
want  of  a  head  cover,  and  we  should 
be  all  better  if  we  remembered  that  no 
head-dress  should  weigh  more  than  five 
or  six  ounces.  All  hats  should  be  as  light 
as  possible ;  they  must  not  press  on  the 
head,  and  should  be  well  ventilated  or 
made  of  porous  material.  Felt  (first  used 
for  hats  in  1400),  is  much  better  than 
silk  or  beaver  ;  a  straw  hat  is  better  still, 
and  can  be  worn  without  danger.  Our 
"  chimney-pots,"  with  hard  unyielding 
sides,  ugly,  heavy,  and  tight,  are  perhaps 
the  most  unsuitable  head-dresses  ever 
devised.  It  merely  wants  a  united  de- 
termination to  reject  such  evils,  and  the 
sensible  soft  "  broad-brim,"  or  the  more 
perfect  "  Glengarry,"  would  soon  rule  the 
fashion.  Our  lady  friends  have  the  best 
of  it  as  far  as  clothing  the  head  is  con- 
cerned ;  but  even,  although  the  head-dress 
is  light  and  healthy,  they  fatally  err  in 
wearing  heavy  combs,  plaits,  and  chig- 
nons. Freedom  from  pressure  and  weight 
is  an  essential  in  all  coverings  of  the 
human  body,  and  in  no  part  more  par- 
ticularly so  than  the  head. 

No  one  wears  night-caps  nowadays,  so 
we  need  only  say  how  injurious  they  are. 


"our  waedrobe."  201 

and  how  they  injure  the  luxuriance  and 
beauty  of  the  hair. 

The  neck  is  more  important  than  the 
head,  for  the  great  blood-vessels  are  here 
comparatively  superficial,  and  vital  organs 
are  liable  to  injury.  Any  pressure  is  most 
hurtful,  and  the  fashion  of  wearing  stiffly- 
starched  collars  and  thick  neckties  is  a 
serious  evil.  It  is  certain  to  prove  so, 
especially  with  a  feeble  or  aged  man. 
The  "  soldier's  stock"  has  had  innume- 
rable victims,  and  has  been  abandoned. 
If  fashion  insists  on  our  swaddling  our 
necks,  do  it  as  lightly  as  possible,  and  as 
loosely.  It  is  an  important  fact,  that  no 
great  exertion  can  be  produced  by  the 
arms  unless  the  neck  be  permitted  to 
bend  easily  and  freely,  so  as  to  fix  the 
collar  bones  and  shoulder  blades  rigidly. 

It  is  a  common  error  to  wrap  up  the 
throat  as  a  protection  against  cold.  On 
every  account,  mechanically  and  physio- 
logically, the  neck  {not  the  upper  part  of 
the  chest,  remember),  should  be  bare  and 
free.  It  is,  like  the  face,  accustomed  to 
exposure,  and  a  "  comforter  "is  a  crying  evil. 
If  we  want  to  feel  warm,  cover  the  wrists, 
hands,  and  the  feet ;  the  nose  and  throat 
will  soon  show  an  indifference  to  cold. 
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For  poor  children  woollen  socks  and 
knitted  mittens,  and  a  thick  paper,  felt, 
or  cork  sole  (inside  the  boot  or  shoe) 
would  be  the  most  useful  gifts  at  Christ- 
mas, keeping  away  the  doctor,  and  per- 
chance the  undertaker. 

But  in  considering  how  to  clothe  the 
Body,  we  have  to  arrange  for  retaining 
the  natural  heat  over  the  whole  surface, 
and  again  I  say — there  is  nothing  like 
Flannel.  In  such  a  variable  climate  as 
England,  with  its  daily  alternations  of 
temperature,  it  is  impossible  to  arrange 
our  clothing  so  as  to  ensure  protection 
against  the  injurious  influence  of  sudden 
changes  without  making  free  use  of  wool 
and  its  manufactured  material.  A  Scotch 
doctor  has  said,  "  Flannel  under-clothing 
means  long  life."  It  is  as  necessary  in 
summer  as  in  winter,  perhaps  more  so, 
for  we  are  more  likely  to  sit  or  stand 
in  draughts  in  hot  weather,  and  to  be- 
come subject  to  sudden  chills.  All  body 
clothing  should  be  as  loose  as  possible, 
more  particularly  about  the  chest  and 
waist,  so  that  the  lungs  and  heart  may 
have  fair  play,  and  the  natural  functions 
of  the  stomach  and  liver  may  not  be 
impeded.     It  is  highly  important  also  not 
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to  interfere  with  the  peculiar  movement 
of  the  intestines,  and  tight  waist-belts 
■undoubtedly  do  that. 

Men  have  found  that  they  cannot 
work  if  tightly  dressed,  so  they  take  off 
their  coats,  and  undo  the  braces,  if  any 
labour  is  required  of  them.  The  ladies 
and  young  girls  are  most  guilty  of  com- 
pression in  their  body  clothing ;  but  I 
shall  dwell  further  on  that  by-and-by.  I 
would  only  say,  "  The  girdle  of  beauty  is 
not  a  stay-lace."  Eest  assured  any  com- 
pression of  these  vital  organs  means  "  a 
shortened  breathing,  and  a  lengthened 
doctor's  bill." 

There  is  really  no  necessity  for  any 
girls  to  wear  stays.  If  brought  up  with- 
out them,  they  would  be  stronger  and 
able  to  support  their  bodies  themselves. 
The  effect  of  stays  is  to  waste  the  muscles 
intended  to  hold  the  body  upright,  and 
so,  in  the  end,  a  girl  cannot  do  without 
the  artificial  support — the  stays  doing 
the  work  imperfectly  that  the  muscles 
would  have  done  satisfactorily,  if  they 
had  been  left  unfettered,  and  uncom- 
pressed. Stays  prevent  the  movement  of 
the  ribs,  so  essential  to  perfect  breathing ; 
they  throw  the  burden  upon  the  upper 
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and  lower  muscles,  those  connected  with 
the  neck,  and  the  diaphragm.  The  chest 
is  never  fully  expanded,  and  the  heart  is 
thus  weakened  and  made  to  palpitate. 
Again,  stays  push  down  the  stomach  and 
liver,  weakening  digestion  ;  and  they 
encircle  the  bowels  in  a  wrong  direction, 
affording  no  proper  support,  but  hinder- 
ing the  spiral  motion  which  nature  has 
demanded.  Anatomically  the  practice  is 
a  danger,  artistically  it  is  a  blunder,  for 
no  one  ever  saw  a  statue  of  Venus  repre- 
sented with  a  wasp  waist. 

"  The  only  benefit  to  be  ascribed  to 
tight  lacing, ,?  said  an  eminent  physician, 
"is  that  it  kills  off  all  the  foolish  girls,  and 
leaves  only  the  wise  to  grow  into  women.' ' 

These  remarks  regarding  the  body 
are  equally  applicable  to  the  extremities. 
Sleeves  must  be  loose,  so  as  to  avoid  pres- 
sure on  blood-vessels  and  nerves.  Garters 
are  most  objectionable.  Men  and  boys 
should  wear  socks,  and  stockings  should 
be  kept  up  without  ligatures  round  the 
leg.  This  is  easily  done  by  loops  and 
tape,  as  in  America.* 

Socks  or  stockings  should  be  of  warm 

*  It  is   certain  that  chilblains   and  varicose  veins  are 
the  results  of  fastenings  tightly  bound  round  the  legs. 
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material,  and  should  fit  nicely,  without 
pressing  the  toes  together,  and  yet  with- 
out wTrinkles  or  overlaps.  Square  toes 
are  essential  to  perfect  walking.  The 
foot  should  be  able,  as  it  were,  to  grasp 
the  ground,  and  have  the  freest  motion. 

And  that  brings  us  to  speak  of  boots 
and  shoes. 

To  have  time  sit  easy,  your  garments 
must  set  the  example ;  and  there  is  perhaps 
no  part  of  the  human  frame  that  has  been 
so  cruelly  treated  by  custom  and  fashion 
as  the  foot.  Yet  it  is  the  most  intricate 
piece  of  mechanism,  and  therefore  liable 
to  derangement  and  often  deformity  from 
any  pressure.  It  is  true  that  a  child's 
foot  would  be  better  if  left  altogether 
unclothed,  as  far  as  shape  and  utility  are 
concerned;  but  in  our  climate  it  is  almost 
imperative  to  cover  the  extremities ; 
though  it  should  be  done  sensibly  and 
beneficially.  Boots  and  shoes  should  be 
made  to  fit  the  foot,  and  not  the  foot 
squeezed  into  the  shape  of  the  boot. 

Our  modern  cobblers  say,  "  Too  tight, 
sir!  oh  no,  sir!  that  boot  will  work  easy  in 
a  few  days  !  "  thereby  making  the  truest 
acknowledgment  of  his  own  incapacity 
and  faulty  construction.      It   is   always 
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better  to  measure  both  feet,  for  it  fre- 
quently happens  that  one  foot  differs 
slightly  in  size  and  shape  from  the  other : 
and  a  very  important  matter  is  also  over- 
looked, which  is,  that  the  foot  expands 
both  in  length  and  breadth  when  bearing 
the  weight  of  the  body.  The  measure 
should  therefore  be  taken  whilst  the  per- 
son is  standing.  The  foot  will  enlarge 
one-tenth  of  its  length,  and  even  more  in 
breadth,  yet  the  shoemaker  rarely  allows 
more  than  one  twenty -fourth  for  expan- 
sion. Look  also  at  the  stitching,  and 
recollect  there  should  be  not  less  than 
eight  stitches  in  every  inch. 

Always  have  the  outline  of  the  foot 
taken  on  paper,  and  insist  on  having 
square  toes ;  &  perfectly  straight  line  on  the 
inside  of  the  foot,  so  that  the  large  toe  (on 
which  depends  most  of  the  walking  power), 
shall  have  free  play,  and  not  be  pushed 
outwards  even  to  the  slightest  degree. 

The  heels,  if  any,  must  be  broad  and 
low ,  for  the  natural  line  of  the  centre  of 
gravity  in  man  falls  directly  through  the 
centre  of  the  heel.  Our  feet  are  not 
given  us  as  standing  power,  they  are 
meant  to  propel  the  body  forward — to 
walk  with.      We   stand    on    our    heels. 
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That  is  the  distinction  that  exists  be- 
tween man  and  the  monkey  tribe.  The 
gorilla  and  orang-outang  never  bring  their 
heels  to  the  ground. 

Not  only  do  our  fashionable  ladies  (and 
I  fear  also  many  of  our  young  men),  by 
wearing  high  heels,  apparently  seek  to 
imitate  our  Darwinian  friends  in  their 
style  of  gait,  but  they  upset  their  natural 
balance,  and  more  seriously  injure  the 
structures  of  their  feet  and  the  muscular 
power  of  their  legs. 

The  large  muscles  in  the  calf  of  the 
leg  waste  away,  whilst  those  around  the 
ankle  are  preternaturally  strained  and 
thickened.  The  ligaments  are  stretched, 
and  the  weight  of  the  body  being  thrown 
upon  the  small  bones  of  the  ankle  and 
toes,  deformity  must  arise,  whilst  corns 
and  bunions  prove  how  injurious  the 
pressure  has  become. 

The  evils  of  "high  heels  "  were  recog- 
nized and  condemned  by  the  French 
doctors  as  long  ago  as  1781.  They  were 
the  fashion  of  the  time  of  Louis  Fifteenth, 
and  have  again  been  started  in  Paris, 

It  is  well  to  know  that  one  of  the  most 
frequent  symptoms  of  injury  produced  by 
wearing  high  heels  is  an  acute  pain  in  the 
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sole  of  the  foot,  and  in  the  front  of  and  oat- 
side  the  ankle.  Long  continued  use  often 
produces  inflammatory  mischief  of  thejoint. 

Shoes  are  better  than  boots  for  young 
folks,  and  laced  boots,  or  the  old-fashioned 
ankle-jack  or  "blucher,"  are  to  be  pre- 
ferred to  the  modern  "  elastic  side." 

The  leather  of  the  "  uppers  "  must  be 
soft  and  not  varnished,  for  patent  leather 
acts,  as  waterproof  cloth,  injuriously,  by 
keeping  in  the  perspiration.  It  makes 
the  skin  tender  and  liable  to  abrasion. 

The  dangers  of  compression  in  articles 
of  clothing  are  greater  the  younger  the 
victim,  so  we  must  avoid  swaddling  our 
babies  too  tightly,  prohibit  stays  for 
young  girls,  and  shun  stocks,  small  shoes, 
and  tight  lacing. 

The  German  physiologist  Soemmering 
has  enumerated  no  less  than  ninety-two 
diseases  attributable  to  tight  lacing. 


IV. 

PBOPEE  PEECAUTIONS  IN  THE  USE  OF  CLOTHING. 

Theee   is   much  to   be  said  against  the 
practice  of  wearing   too  much  clothing, 
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and  of  suspending  it  from  the  waist.  In 
the  old  Greek  and  Roman  periods  the 
women  wore  their  clothes  suspended  from 
the  shoulders.  The  present  system  is 
much  inferior,  and  it  would  be  well  to 
adopt  the  system  of  fastening  the  cloth- 
ing in  such  a  way  that  the  weight 
should  be  borne  by  the  shoulders  in 
place  of  the  waist.  Nature  delights  in 
freedom.  A  far  more  fatal  error,  however, 
is  a  deficiency  of  clothing,  and  to  this  I 
would  call  particular  attention.  A  popu- 
lar idea  exists  that  it  is  possible  to 
"  harden"  children  by  cold  bathing  and 
exposure.  The  sooner  the  fallacy  of  this 
is  known  the  better.  A  young  plant 
would  soon  wither  and  die  if  exposed  to 
wind  and  snow,  and  it  is  a  well-known 
fact  that  the  younger  the  animal  the  less 
capable  is  he  of  resisting  cold,  and  the 
more  need  is  there  for  suitable  food  and 
warm  clothing. 

Short  sleeves  and  bare  legs  for  children 
are  a  mistake,  and  whenever  I  see  the 
poor  shivering  darlings,  I  fervently  desire 
to  make  an  example  of  the  mothers,  and 
insist  on  their  personal  experience  of  such 
a  painful  and  miserable  torture.  The 
under  clothing  of  children  should  always 
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have  flannel  amongst  it,  and  the  best 
form  is  flannel  drawers,  if  the  weather 
be  at  all  chilly. 

John  Hunter  gave  three  simple  rules 
for  the  rearing  of  babies,  and  they  are 
worth  a  place  in  every  nursery.  They 
are,  "Plenty  of  sleep"  "plenty  of  milk" 
and  "plenty  of  flannel" 

Eecollect  I  am  talking  now  of  babies 
and  children.  As  we  grow  up  cold  water 
becomes  beneficial,  especially  if  we  have 
exercise  also.  So  swimming  and  bathing 
generally  are  invigorating  and  valuable, 
as  the  system  has  the  power  of  establishing 
a  stage  of  reaction  and  warmth. 

If,  after  any  exposure,  chilliness  con- 
tinues, the  skin  remains  white  or  purple, 
and  the  person  feels  languid,  with  a  head- 
ache or  sickness — that  cold  is  hazardous, 
and  must  be  at  once  avoided. 

Grown  up  people  and  educated  persons 
run  great  risks  in  this  matter  of  exposure. 
Low  dresses  are  an  abomination,  exposing 
the  upper  part  of  the  chest,  which  is  so 
liable  to  chills  and  yet  so  directly  con- 
nected with  the  vital  organs.  It  is  a 
curious  fact  that  consumption  more  fre- 
quently makes  its  appearance  in  the  apex 
of  the  lungs  than  elsewhere,  and  therefore 
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warmth  should  be  secured  by  high  dresses, 
and  double-breasted  waistcoats. 

It  is  a  great  pity  that  our  Court 
should  by  its  regulations  advance  such 
a  treacherous  practice  as  wearing  low 
dresses  and  short  sleeves,  whilst  it  issues, 
as  recent  orders  from  the  Admiralty,  the 
more  sensible  direction  for  the  flannels 
of  our  seamen — rough  and  weather-beaten 
though  they  be — "  to  be  cut  square  across 
the  breast,  and  close  up  to  the  neck,  so 
as  to  afford  more  protection  to  the  chest/ ' 

I  have  before  drawn  attention  to  the 
extra  danger  that  arises  from  cold,  if  the 
body  be  weary  from  work,  or  resting  after 
exercise.  Can  you  imagine  any  set  of 
circumstances  so  fraught  with  risk,  then, 
as  a  modern  theatre  or  ball-room,  filled 
with  sparely-clad  men  and  women,  in 
thin  coats,  open  waistcoats,  low  dresses, 
and  shoes  of  almost  paper  thickness  ? 

Next  to  direct  cold  and  chills  in  the 
way  of  danger,  comes  dampness,  and  this 
should  be  carefully  avoided.  It  is  not 
merely  wet  feet  that  produces  harm. 
Any  excess  of  water  that  may  be  present 
in  an  article  of  clothing  will  remove  from 
the  body  a  certain  amount  of  heat,  and 
proportionately  lower  its  vitality.     And 
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we  are  too  careless  and  indifferent  to  this 
fact.  The  large  "  clothes-horse,"  and 
the  systematic  "  airing "  of  all  clothes, 
especially  those  sent  home  by  the  laun- 
dress, seem  nowadays  rare  luxuries. 
How  many  of  us  air  our  under  linen  ? 
How  few  dry  our  coats  and  boots  before 
wearing  them !  Yet  an  experimenter 
tells  us  that  an  ordinary  shirt,  exposed  to 
no  unusual  circumstances,  contains  three 
quarters  of  an  ounce  of  water,  a  pair  of 
trousers  contain  an  ounce,  a  coat  two 
ounces,  and  a  shawl  two  and  a  half  ounces. 
Should  the  article  of  clothing  come  di- 
rectly in  contact  with  the  body,  this 
dampness  is  the  first  thing  remedied,  but 
at  the  expense  of  the  body  itself. 

With  children,  and  sick  or  aged  per- 
sons, such  a  state  of  affairs  would  be 
serious,  and  their  garments  should  in- 
variably be  well  aired. 

Clothes  should  be  changed  in  accord- 
ance with  the  climate  or  time  of  year. 
It  is,  however,  advisable  not  to  leave  off 
warm  clothing  until  the  spring  is  con- 
siderably advanced,  and  more  particularly 
in  this  country,  for  the  seasons  are  most 
uncertain.  The  old  adage  should  be 
borne  in  mind, — 
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"Button  to  chin 
Till  May  be  in  ; 
Ne'er  cast  a  clout 
Till  May  be  out." 

We  may  well  watch  the  animal  crea- 
tion, and  follow  them,  for  nature  changes 
their  coat  according  to  the  season  of  the 
year.  It  has  often  struck  me  as  unwise, 
if  it  be  not  cruel,  to  clip  horses  and  to 
shear  sheep  at  fixed  periods,  with  a  dis- 
regard to  the  clemency  or  inclemency 
of  the  existing  weather.  Clothes  must 
be  changed  also  for  health's  sake.  They 
get  contaminated  with  dirt,  not  only  from 
the  outside,  but  from  the  natural  perspi- 
ration of  the  body,  which  removes  waste 
in  a  dissolved  form,  just  as  our  lungs  get 
rid  of  it  in  a  gaseous  condition.  The 
upper  layer  of  our  skin,  the  epidermis,  or 
"  scarfskin,"  is  also  being  continually 
rubbed  off,  forming  what  we  call  "  dan- 
driff,"  and  this  must  be  removed  from 
our  clothes  by  washing,  or  shaking,  and 
exposing  them  to  the  air.  No  one  should 
sleep  in  the  clothes  he  wears  during  the 
day.  There  is  no  habit  so  injurious  and 
calculated  to  produce  disease. 

All  bed-clothes  must  be  exposed  freely 
to  the  air  and  light.  So  open  the  win- 
dows wide  on  awaking  in  the  morning, 
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and  place  night-dresses,  bed-clothes,  and 
the  bed  itself  so  that  they  can  receive 
the  benefit  of  the  purifying  oxygen — 
always  ready  to  do  us  good  service. 

One  word  more.  Upwards  of  three 
thousand  lives  are  lost  annually  in  Eng- 
land and  Wales  by  burning,  and  it  is  said 
half  of  these  are  tvomen  and  children,  who 
have  caught  fire  through  the  inflamma- 
ble nature  of  their  clothes.  It  is  indeed 
grievous  that  so  much  misery  should  occur 
when  the  most  simple  means  are  at  hand 
to  effectually  prevent  such  a  catastrophe. 

If,  after  washing,  inflammable  articles 
wTere  dipped  in  a  solution  of  common 
alum,  of  sulphate  of  ammonia,  or,  better 
still,  of  tungstate  of  soda,  all  danger  of 
flame  or  rapid  combustion  would  be 
averted.  There  is  no  expense,  but  some 
trouble  required,  and  yet  hardly  a  day 
passes  without  a  record  of  some  terrible 
disaster  which  may  entail  loss  of  life,  but 
which  certainly  results  in  much  suffering 
and  pain. 

A  few  pence  and  an  half-hour's  labour 
could  have  positively  prevented  such  a 
calamity. 

If  my  readers  should  think  my  views 
on  clothing  somewhat  too  broad,  perhaps 
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unreasonable,  I  would  merely  say  in  con- 
clusion that,  if  acted  upon,  they  will 
certainly  enhance  Health,  if  they  sacrifice 
Fashion. 
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AIR  AND  VENTILATION, 

BY   MRS.    FENWICK    MILLER, 

Memoer  of  the  London  School  Board, 


GASES  :    WHAT    THEY   ABE. 

When  the  sun  lias  gone,  and  the  stars 
begin  to  peep  at  us  out  of  the  sky,  the 
lamplighter  goes  his  rounds  through  the 
streets  of  the  city.  You  may  see  him 
place  his  light  against  the  burner  of  the 
lamp,  and  there  at  once  is  the  clear  bright 
flame  that  will  burn  until  he  comes  again 
to  put  it  out. 

If  I  ask  you  what  the  man  did  when 
he  put  his  light  to  the  lamp,  you  will  tell 
me  that  he  lit  the  gas.  But  if  I  asked 
you  to  tell  me  what  gas  is,  could  you  do 
it? 

If  you  said  that  gas  is  something  which 
you  cannot  see,  but  which  you  can  smell, 
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and  which  burns  when  you  put  a  light  to 
it,  you  would  not  have  told  me  what  I 
asked.  All  those  things  would  be  true  of 
the  gas  that  is  burnt  in  our  houses  and 
streets.  But  that  is  only  one  kind  of 
gas.  I  know  some  gases  that  you  can  see, 
some  that  you  cannot  smell;  and  some 
that  will  put  out  a  light,  instead  of  burn- 
ing themselves  !  There  are  a  great  many 
kinds  of  gases  ;  and  that  which  you  have 
always  called  "  gas  "  is  only  one  of  them, 
with  the  full  name  of  coal  gas.  In  the 
same  way  there  may  be  only  one  girl  in 
your  class  named  Mary,  or  one  boy  named 
John ;  but  there  are  a  great  many  Johns 
and  Marys  in  the  world,  whom  you  do  not 
know ;  and  each  of  them  has  a  second 
name,  so  that  people  may  tell  one  of  them 
from  another. 

Well,  now  I  am  going  to  tell  you  a 
little  about  some  gases  that  you  do  not 
know;  and  I  shall  give  you  the  second 
name  of  each  one,  because  if  I  did  not  do 
so  you  would  not  be  able  to  keep  them 
apart  in  your  minds. 

All  gases  are  like  the  gas  that  we  burn, 
so  far  as  this — they  are  all  vapour-UJce. 
They  are  never  solid ;  you  can  never  take 
a  gas  in  your  hand,  as  you  can  a  piece  of 
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earth.  They  are  never  liquid  like  water  ; 
you  cannot  put  some  of  a  gas  into  a  cup, 
and  shake  it  about  and  keep  it  there  as 
long  as  you  like.  Gases  are  all  like 
steam  or  smoke — neither  fluid  nor  solid. 


II. 

GASES  :    WHERE    THEY   ARE. 

There  is  something  all  around  us  which 
we  cannot  see.  We  call  it  the  air  or 
wind.  If  you  pass  your  hand  backwards 
and  forwards  above  your  head,  you  will 
feel  a  gentle  breath  of .  it ;  and  on  a 
stormy  day  you  see  the  wind  bending  the 
high  trees  and  breaking  the  delicate 
flowers.  The  air  is  neither  a  solid  nor  a 
fluid  ;  it  must  be  a  gas. 

Chemists  have  discovered  that  the  air 
is  really  a  mixture  of  two  gases,  with  a 
mere  flavouring  of  a  third.  This  mixture 
of  gases  remains  vapour-like. 

But  sometimes  when  two  gases  are 
mixed  together,  they  make  something 
quite  different  from  themselves.  Water 
is  made  entirely  of  two  gases  ! 
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And  all  things  in  the  world,  you  among 
them,  are  made  up  partly  of  mixtures  of 
gases.  Thus  we  see  that  gases  are  to  be 
found  in  solids. 

One  of  the  three  gases  that  I  have  said 
are  mixed  to  make  up  our  air,  is  got  in 
very  large  quantities  out  of  marble,  of 
chalk,  or  of  the  whitening  with  which  you 
clean  bright  things.  This  is  the  gas  of 
which  there  is  only  a  flavouring  in  the 
air  ;  it  is  called  Carbonic  Acid  Gas. 

The  gas  in  the  air  which  is  of  the  most 
importance  by  far  to  us  is  called  Oxygen. 
Eemember  its  name  ;  for  we  cannot  live 
without  it. 

The  third  gas  is  not  now  of  much  im- 
portance. It  is  only  mixed  with  the 
oxygen  to  prevent  that  being  too  strong 
for  us.     This  gas  is  name  Nitrogen. 


III. 

GASES  :    HOW  THEY  CAN    BE  MADE 

To  make  oxygen  gas,  you  require  some 
prepared  things,  such  as  bent  tubes  and 
glass   bottles  with  wide   mouths,  which 
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most  likely  you  have  not  got.  I  shall 
not,  therefore,  try  to  tell  you  how  to  make 
that  gas.  But  carbonic  acid  gas  yon  can 
make  pretty  easily,  and  I  wranfc  you  to  do 
this,  or  to  watch  it  done. 

You  must  get  first  some  lime-water. 
You  can  buy  a  pennyworth  of  this  at  the 
chemist's,  or  you  can  make  it  for  yourself 
if  you  can  get  a  piece  of  quick-lime,  by 
pouring  some  water  upon  the  lime,  letting 
it  stand  for  a  night,  and  then  shaking  it 
up  ;  and  when  the  lime  has  settled  to  the 
bottom  again,  you  will  have  clear  lime- 
water  to  pour  off. 

Next,  get  some  powdered  chalk,  or  some 
carbonate  of  soda,  or  some  whitening  (the 
first  of  these  being  the  best),  and  put  it 
into  a  pickle-bottle,  or  a  pretty  deep  mug. 
Take  a  piece  of  wire  (a  hair-pin  will  serve 
for  this),  and  bend  it  upwards  into  the 
shape  of  a  small  I  in  a  copybook  ;  on  the 
turned-up  tip  put  a  little  bit  of  candle,  or 
taper.  Having  this  all  ready,  take  some 
strong  vinegar,  or,  what  is  better,  some 
spirits  of  salts,  and  pour  a  little  upon  the 
chalk.  A  great  bubbling  will  begin  di- 
rectly. After  a  moment  lower  the  lighted 
candle  into  the  bottle,  and  hold  it  just  out 
of  reach  of  the  bubbles.     You  will  find 
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that  there  is  something  in  the  bottle  which 
at  once  puts  the  candle  out.* 

The  vinegar  or  other  acid  which  you  put 
upon  the  chalk  made  carbonic  acid  gas 
come  out;  and,  as  you  have  seen,  this 
gas  has  the  power  of  putting  out  light, 
instead  of  burning  on  its  own  account 
like  coal  gas. 

Next,  put  another  little  piece  of  lighted 
candle  at  the  bottom  of  a  tumbler  or  mug, 
and  hold  the  bottle  in  which  you  have 
made  the  gas  over  it,  so  that,  if  the  bottle 
were  quite  full  of  water,  some  would  pour 
down  into  the  tumbler.  Take  care  not  to 
tip  the  bottle  so  far  that  some  of  the  chalk 
and  vinegar  is  spilt. 

Now,  what  do  you  see  ?  Why,  the 
candle  in  the  bottom  glass  grows  dim, 
and  then  goes  out.  So  by  this  you  can 
tell  that  you  have  poured  carbonic  acid 
gas  out  of  the  bottle  into  the  glass, 
although  you  could  not  see  it  go. 

Next,  lift  the  candle  out  of  the  glass, 

*  When  this  experiment  is  performed  by  the  teacher, 
it  should,  to  insure  success,  be  done  properly  with  chalk 
and  spirits  of  salts  (dilute  hydrochloric  acid).  The  gas 
should  be  made  in  a  bottle,  fitted  with  a  tight  cork  having 
a  bent  tube  passed  through  it,  by  means  of  which  the 
gas  can  be  conveyed  into  a  second  vessel.  The  whole 
expense  is  trifling. 
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and  pour  into  it  some  of  your  clear  lime- 
water,  shaking  it  well  round.  The  lime- 
water  will  lose  its  beautiful  bright  clear- 
ness, and  will  become  milky. 

This  milkiness  shows  that  the  gas  has 
joined  with  the  lime ;  and  the  two  to- 
gether make  chalk.  The  water  looks  only 
milky,  because  the  chalk  is  in  such  very 
tiny  pieces  that  you  cannot  see  them 
one  by  one.  This  is  the  best  way  of 
knowing  when  you  have  made  carbonic 
acid  gas — to  see  if  it  will  make  chalk 
when  put  into  lime-water,  which  is  shown 
by  its  giving  the  water  a  milky  look. 

If  you  fail  in  any  part  when  you  try 
these  things  for  yourself  (as  I  hope  you 
will  try  them),  the  reason  will  be  either 
that  your  vinegar  is  not  strong  enough 
or  that  the  flame  of  your  bit  of  candle 
is  too  large  for  the  size  of  the  bottle  in 
which  you  have  made  the  gas,  or  that 
you  have  been  too  slow.  You  can  keep 
the  gas  in  the  bottle  for  a  few  moments, 
but  it  very  soon  rises  up  and  mixes  with 
the  air  of  the  room,  and  the  air  comes 
down  and  makes  the  gas  in  your  bottle 
weak.  You  should  have  everything  ready 
to  go  on  with,  and  lose  no  time. 

Remember  that  this  is  the  gas  of  which 
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there  is  very  little  in  fresh  air.  It  is  very 
necessary,  for  all  that,  that  you  should 
know,  something  about  it;  for,  as  you 
will  see,  when  there  is  much  of  it  in  the 
air,  it  makes  bad,  stale,  impure  air. 


IV. 

gases":  how  nature  makes  them. 

I  suppose  you  do  not  know  that  you  are 
a  gas-works  ?     But  I  say  that  you  are  ! 

Whatever  do  I  mean  ?  "Well,  you  have 
seen  how  we  can  make  a  gas  by  pouring 
acid  upon  chalk.  Now  I  am  going  to 
prove  to  you  that  you,  walking  about  or 
sitting  still,  reading  or  listening,  sleeping 
or  awake,  are  always  making  carbonic 
acid  gas.  And  not  only  you,  but  the  cat 
and  the  dog  and  every  other  living  thing 
is  doing  this  also. 

But,  you  will  say,  if  this  be  true,  how  is 
it  that  there  is  so  little  of  that  gas  in  the 
air  ?  If  every  breathing  thing,  going 
about  or  keeping  still,  be  always  making 
it,  surely  there  must  be  such  pints  upon 
pints  of  it  made  that  the  air  gets  full  of 
it? 
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This  is  true  enough  of  a  room,  or  any 
inclosed  place  in  which  living  animals 
may  be  shut  up.  But  it  is  not  the  case 
in  the  open,  air,  and  in  the  world  alto- 
gether, for  this  reason  :  eyeky  vegetable 
is  a  gaswoeks  too.  And  the  gas  which 
the  trees  and  the  grass  make  is  not  the 
same  gas  as  that  which  we  make  ;  but 
their  gas  is  made  out  of  ours,  and  our 
gas  is  made  out  of  theirs.  The  vegetables 
make  oxygen  gas  out  of  carbonic  acid 
gas ;  *  we  make  carbonic  acid  gas  out  of 
oxygen  gas. 

Thus,  you  see,  the  animals  and  the 
vegetables  want  to  change  air  with  each 
other ;  and  after  we  have  been  shut  up  in 
a  room  for  some  hours,  that  room  has  got 
in  it  so  much  of  the  gas  we  have  been 
making,  that  we  need  to  open  the  door  or 
the  window  to  let  it  out,  and  to  let  in  the 
air  from  outside  full  of  the  gas  that  the 
vegetables  have  been  making.  This  is 
what  is  meant  by  the  big  word  in  the 
title  of  the  present  subject — Ventilation. 
It  means  simply,  changing  the  air  in  our 
rooms  that  we  have  been  making  ready 

*  This  in  the  plants,  however,  only  goes  on  when  they 
have  day  light  npon  them ;  so  that  plants  should  not  be 
kept  in  bedrooms. 

15 
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for  the  plants,  and  which  is  no  longer  fit 
for  us,  for  the  outside  air  which  the 
plants  have  been  preparing  for  us.  But 
you  cannot  quite  understand  yet  how 
important  it  is  to  do  this.  Before  you 
can  know  how  very  necessary  it  is  to 
ventilate  our  rooms,  you  must  learn  how 
we  make  gas,  and  what  that  gas  does  to 
us  if  we  let  it  gather  too  much  in  our 
air. 

There  is  one  thing  which  we  are  always 
doing,  from  our  birth  to  our  death ;  that 
is,  breathing.  What  is  breathing,  really  ? 
If  you  breathe  out  on  to  your  hand  you  will 
feel  a  little  puff  of  air  come  from  your 
mouth  ;  and  if  you  draw  breath  in  through 
your  closed  teeth,  you  will  feel  the  air  pass 
over  them  into  your  mouth.  Then  if  you 
watch  the  chest  of  any  person  who  is  quietly 
breathing,  you  will  see  that  it  rises,  or 
swells  out,  when  the  breath  passes  in,  and 
sinks  down  again  when  the  breath  is  sent 
out.  This  shows  you  that  what  you  breathe 
in  does  not  stay  in  the  mouth,  but  goes 
right  down  into  the  chest.  The  lungs,  you 
most  likely  know,  lie  in  the  chest,  just 
where  you  see  the  rise  and  fall  take  place. 
You  must  say,  therefore,  when  you  are 
asked  what  breathing  is,  that  it  is  drawing 


GASES  :    HOW   NATUBE    MAKES    THEM.       227 

air  down  into  the  lungs,  and  sending  it 
out  of  them  again. 

And  why  do  we  breathe  ?  We  breathe 
to  take  one  gas  into  our  bodies,  and  to  send 
another  out.  The  air  which  we  draw  in 
has  in  it,  as  I  have  said,  oxygen ;  a  gas 
mixed  with  this  to  lessen  its  strength ;  and 
a  very  little  carbonic  acid.  I  will  tell  you 
in  figures  the  exact  quantities  of  each.  In 
ten  thousand  parts  of  fresh  air  there  are 
about — 

Of  Oxygen  gas 2,100  parts. 

Of  the  second  gas  (Nitrogen)  7,900     ,, 
Of  Carbonic  acid  gas  ...  3     ,, 

You  remember  that  I  said  the  turning  of 
lime-water  milky  is  the  best  way  to  know 
that  carbonic  acid  is  present.  You  can 
discover  this  small  quantity  of  carbonic  acid 
in  fresh  air  by  pouring  a  little  lime-water 
into  a  clean  plate,  and  standing  it  out  of 
doors.  After  it  has  stood  for  a  good  while, 
a  very  thin  white  film  will  lie,  like  a  veil, 
upon  the  top  of  it.  This  shows  that  there 
is  a  little,  but  very  little,  carbonic  acid  in 
fresh  air. 

Now  pour  some  clean  lime-water  into  a 
glass.  Take  a  straw  or  a  piece  of  stiff 
paper  rolled  into  a  tube,  and  blow  through 
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it  into  the  lime-water.  A  very  few  of  your 
breaths  passed  into  it  will  make  the  lime- 
water  quite  milky  ;  just  as  much  so  as 
pouring  into  it  carbonic  acid  gas,  made 
from  acid  and  chalk,  did  before. 

Here  is  proof  positive  that  the  air  comes 
out  of  your  lungs  different  from  what  it 
was  when  it  went  in.  This  is  certain  proof 
that  you  are  a  gas-works;  that  you  do 
make  in  your  body,  and  send  out  into  the 
air  when  you  breathe,  carbonic  acid  gas. 

Now  let  us  go  on  to  study  how  this 
living  gas-works  carries  on  its  manufac- 
ture ;  how  it  makes  and  gets  rid  of  its  own 
gas ;  and  how  it  takes  in  that  other  gas 
which  growing  vegetables  make. 


THE    GAS    MANUFACTORY    AT    WORK  :     BRINGING 
IN     THE    MATERIALS. 

Of  course,  seeing  that  your  breath  will 
turn  lime-water  milky  has  made  you  feel 
quite  certain  that  we  do  make  carbonic 
acid  gas  in  our  bodies.  For  the  manu- 
facture of  this  gas  two  things  are  needed  ; 
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namely,  oxygen  and  carbon.  Any  given 
number  of  ounces  of  carbonic  acid  gas  is 
a  mixture  of  so  many  ounces  of  oxygen 
with  so  many  ounces  of  carbon. 

Now  you  have  already  heard  something 
about  oxygen  ;  but  you  do  not  know  what 
carbon  is  at  all. 

Carbon  is  not  a  gas,  but  a  solid.  It  is 
one  of  the  sixty-three  substances  which 
chemists  have  not  been  able  to  separate 
into  two  or  more  different  parts.  Air,  as 
we  have  seen,  can  be  broken  up  into  three 
parts — oxygen,  carbonic  acid,  and  nitrogen. 
But  carbon  is  one  of  the  sixty-three  things 
which  cannot  be  thus  divided.  There  is 
some  of  this  substance  in  all  vegetables 
and  animals. 

Now,  you  know,  we  live  by  eating 
animals  and  vegetables.  So  that  we  take 
carbon  into  our  bodies  in  all  that  we  eat, 
and  it  becomes  a  part  of  our  flesh  and 
bones. 

Oxygen,  as  you  know,  is  in  the  air 
which  we  breathe  ;  and  we  get  this  ma- 
terial for  making  carbonic  acid  into  the 
works  by  the  same  door  by  which  wre  let 
out  the  gas  when  we  have  made  it.  This 
door  is  the  lungs. 

Lay  your  left  hand  flat  out  upon  the 
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left  side  of  your  chest,  just  beneath  the 
collar-bone,  and  rap  upon  it  with  the 
knuckles  of  the  right  fist.  Now  move 
your  left  hand  to  your  knee,  and  rap  upon 
it  again  with  the  knuckles.  You  will  find 
wrhat  a  different  sound  you  get  out  of 
your  chest,  and  out  of  your  knee.  The 
chest  sounds  quite  hollow,  almost  like  a 


THE   LUNGS   AKD    WINDPIPE. 


One  of  the  lungs  is  partly  cut  open  to  show  some  of  the 
bronchial  tubes,  as  the  branches  of  the  windpipe  are  called. 


drum.     It  does  this  because  it  is  full  of 
air. 

Your  lungs  lie  just  beneath  where  you 
tapped — one  on  each  side,  with  the  heart 
between  them.     The  windpipe  goes  down 
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into  the  chest,  and  there  divides  into  two 
branches,  one  going  into  each  lung.  These 
branches  continue  dividing,  as  shown  in 
the  picture,  until  at  last  the  branches  end 
in  a  great  many  small  and  very  thin-shinned 
bladders,  called  air-cells.  The  air  which 
we  draw  in  when  we  breathe  goes  down 
through  the  windpipe,  and  fills  all  those 
branches  and  air-cells. 

Thus,  the  oxygen  needed  to  make  car- 
bonic acid  gas  goes  into  our  lungs,  in  our 
breath ;  while  the  carbon  goes  into  our 
stomachs,  in  our  food. 


VI. 

THE     GAS     MANUFACTOEY     AT     WOEK  I     GIVING 
OUT    THE    MATEEIALS. 

When  the  coal  is  taken  into  a  gas-works 
for  coal-gas  to  be  made  from  it,  it  has  to 
be  given  out  to  the  men  who  are  to  use  it 
up.  If  the  coal  were  only  emptied  down 
inside  the  gate,  the  gas  would  never  be 
made.  So  with  us.  After  we  have  got 
the  carbon  into  our  stomachs  and  the  oxy- 
gen into  our  lungs,  we  still  should  not  be 
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able  to  do  anything  with  them,  without 
they  were  carried  to  the  right  place  for 
them  to  mix  together,  and  make  carbonic 
acid  gas.  Now  we  are  going  to  see  how 
this  is  done. 

In  a  coal-gas  factory  the  material  is 
carried  by  grimy  men,  with  curious  long- 
tailed  hats  on.  In  our  private  gas-works, 
the  blood  takes  the  place  of  those  men. 
"When  we  have  digested  our  food,  it  gets 
into  the  blood  out  of  the  stomach ;  and 
when  we  have  breathed  in  air,  the  oxygen 
gets  into  the  blood  out  of  the  lungs.  I 
will  tell  you  just  how  this  last  happens. 

Every  air-cell  in  the  lungs  is  surrounded 
with  a  network  of  tiny  blood-vessels,  which 
are  smaller  than  your  hairs,  but  which  yet 
have  blood  in  them.  These  very  narrow 
pipes  of  course  are  made  of  very  thin  skin  ; 
and  you  will  remember  that  I  said  the  air- 
cells  are  also  made  of  very  fine  skin. 

Thus,  you  can  see,  the  blood  in  those 
hair-like  pipes,  and  the  air  in  those  tiny 
bladders,  are  only  kept  apart  from  each 
other  by  two  very  thin  skins — by  the  skin 
of  the  blood-vessels  and  the  skin  of  the 
air-cells. 

Now,  experiment  shows  that  gases  cannot 
be  ~kej)t  apart  from  each  other  by  a  fine  skin. 
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If  a  chemist  fills  a  bladder  with  oxygen, 
for  example,  and  corks  it  up  in  a  large 
bottle  full  of  carbonic  acid  gas,  he  finds 
by-and-by  that  the  oxygen  has  partly  got 
out  of  the  bladder,  and  the  carbonic  acid 
has  partly  got  into  it ;  indeed,  the  two 
gases  have  mixed  nearly  as  well  as  they 
would  have  done  if  the  skin  of  the  bladder 
had  not  been  between  them  at  all. 

You  see,  therefore,  that  any  gas  which 
there  is  in  those  fine  blood-vessels  that 
surround  the  air-cells  in  the  lungs,  can  pass 
through  these  two  fine  skins  and  mix  with 
the  gas  which  you  know  is  in  the  air-cells, 
drawn  into  them  when  we  breathe.  And 
in  the  same  way,  the  gases  of  the  air  which 
we  draw  into  our  lungs  can  pass  through 
the  fine  skins,  and  mix  with  any  gas  that 
is  in  the  blood. 

"Any  gas  that  is  in  the  blood:  "  can 
gases  be  mixed  with  fluids,  such  as  we 
know  the  blood  to  be  ?  Yes,  they  can. 
There  is  a  great  deal  of  oxygen  in  water. 
That  strong-smelling  stuff  called  harts- 
horn, which  chemists  sell,  is  a  mixture  of 
water  and  ammonia-gas.  And  in  the  same 
way,  the  blood  has  gases  dissolved  or 
mixed  in  it. 

Now  you  understand  how  the  oxygen 
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which  we  take  into  our  bodies  gets  into  our 
blood.  The  air  is  breathed  down  into  our 
air-cells,  and  there  the  oxygen  passes 
through  the  fine  skin,  and  mixes  with  the 
blood  which  is  in  the  little  blood-vessels 
that  form  a  network  around  the  air-cells. 

As  I  have  already  mentioned,  the  car- 
bonic acid  gas  which  we  have  made  is  sent 
out  of  the  works  at  the  same  time  and  by 
the  same  door  as  the  newT  oxygen  comes  in. 
The  carbonic  acid  goes  out  of  the  blood 
into  our  air-cells,  and  is  breathed  away, 
just  as  the  oxygen  goes  into  the  blood  out 
of  the  air-cells. 

You  must  quite  understand  that  the 
lungs  are  only  the  door  by  which  one  of 
the  materials  is  taken  in  ;  the  making  of 
the  gas  goes  on  all  over  the  body.  You 
know  that  there  is  blood  in  every  part  of 
you.  You  cannot  put  the  finest  needle's 
point  through  your  skin  anywhere  without 
making  blood  come  out.  And  as  soon  as 
the  blood  which  is  in  your  lungs  at  this 
minute  has  got  the  oxygen  out  of  your 
next  breath,  and  has  given  up  the  carbonic 
acid  which  it  has  now  in  it  to  the  air-cells, 
it  will  rush  away  from  the  lungs ;  and, 
before  you  can  count  one  hundred,  some 
of  it  will  be  in  your  fingers,  and  some  of 
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it  in  your  toes,  and  some  of  it  in  your 
brain,  helping  you  to  read  these  words ; 
in  fact,  some  drops  of  that  very  blood  will 
be  everywhere  in  your  bodies. 

This  going  round  and  round  of  the 
blood  in  your  body  is  called  the  Cikcula- 
tion  of  the  blood.*  The  heart  is  like  a 
pump,  always  pumping  the  blood  along, 
into  your  lungs,  and  all  over  your  bodies. 
Everywhere  in  us  there  are  very  tiny 
little  blood-vessels,  just  like  those  in  the 
lungs,  finer  than  hairs,  and  called  there- 
fore the  capillaries  or  hair-like  vessels. 
The  blood  is  sent  running,  by  the  pump- 
ing of  the  heart,  through  all  these  ;  then 
it  goes  into  the  lungs,  and  through  the 
capillaries  which  surround  the  air-cells; 
and  then  it  goes  off  again,  through  the 
hair- vessels  of  the  whole  body  once  more. 
Thus  the  oxygen  taken  in  at  the  lungs  is 
carried  by  the  blood  all  over  the  body. 

*  For  further  details,  see  "How  and  Why  we  Breathe," 
in  Simple  Lessons  on  Circulation  and  Respiration  in  this 
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VII. 

THE   GAS    MANUFACTORY   AT   WORK. HOW   AND 

WHY  THE  GAS  IS  MADE. 

I  want  you  to  try  another  very  simple 
experiment.  Get  a  little  bit  of  wax  taper, 
or  of  candle,  and  heat  the  bottom  of  it  so 
that  you  can  make  it  stand  upright  on  a 
plate ;  then  light  it,  and  turn  a  glass 
tumbler  upside-down  over  it.  Get  ready 
another  piece  of  taper  or  candle  stuck  on 
the  end  of  a  wire,  as  described  on  pages 
221-2.  You  will  see  the  candle  under  the 
glass  burn  steadily  for  a  few  moments, 
then  grow  dim,  and  presently  go  quite 
out.  Now  you  know  that  carbonic  acid 
gas  will  put  out  a  light.  To  see  if  there 
is  any  of  that  gas  in  the  tumbler,  put 
your  hand  on  the  glass  to  keep  it  close 
pressed  on  the  plate,  and  turn  the  two 
together  upside  down,  so  that  the  plate 
is  on  the  top  of  the  tumbler.  Then, 
holding  the  candle  on  the  wire  in  your 
hand,  slowly  slide  the  plate  off,  and  dip 
the  candle  quickly  in  the  glass.  You  will 
find  it  goes  out  directly.  This  shows  you 
that  the  first  candle  went   out   because 
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carbonic  acid  was  formed,  by  its  burning, 
in  the  tumbler. 

The  candle  makes  its  carbonic  acid  gas 
just  exactly  in  the  same  way  that  we 
make  ours.  The  tallow  or  wax  of  which 
the  candle  is  made  contains  carbon ;  and 
when  the  candle  burns,  the  carbon  mixes 
with  the  oxygen  of  the  air,  and  this 
mixture,  as  you  already  know,  is  carbonic 
acid  gas. 

We  do  exactly  the  same  thing.  The 
carbon  taken  in  with  our  food  has  become 
part  of  our  bodies — every  bit  of  us  is 
partly  carbon.  The  oxygen  goes  down 
in  our  blood  into  those  thin  capillaries 
wrhich  are  in  every  part  of  our  frames. 
As  you  know  (page  232),  a  thin  skin  does 
not  keep  a  gas  in.  So,  in  all  parts  of 
our  bodies,  the  oxygen  gets  out  of  our 
blood  through  the  thin  skin  of  the  tiny 
vessels,  and  mixes  with  the  carbon  of  our 
tissues,  so  making  carbonic  acid  gas 
which  passes  through  the  other  way  into 
the  blood. 

The  difference  in  the  blood,  before  it 
has  gone  through  the  capillaries  of  the 
body,  and  after  it  has  done  so,  can  be 
seen  in  its  colour.  Blood  which  the  heart 
pumps   out   of    the   lungs,   full   of  fresh 
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oxygen,  is  a  beautiful  bright  red.  Blood 
which  the  heart  pumps  into  the  lungs, 
full  of  carbonic  acid,  is  a  dirty,  dark  red 
stream. 

Now,  why  are  we  always  thus  busily  at 
work,  turning  oxygen  and  carbon  into 
carbonic  acid  gas  ?  For  this  important 
reason  :  that  all  our  heat  and  all  our 
strength  are  made  by  our  doing  so. 

You  know  that  you  are  always  warm 
inside,  however  cold  the  day  may  be. 
You  will  never  be  quite  cold  until  you 
die.  Moreover,  you  can  move,  and  you 
can  lift  other  things. 

Our  heat  comes  from  the  mixing  of 
carbon  and  oxygen  (that  is,  the  making 
of  carbonic  acid  gas)  in  owx  bodies.  The 
candle  gives  out  heat  in  burning,  and  a 
flame  as  well.  Our  burning  is  smothered, 
and  does  not  make  flame  ;  but  it  does 
make  heat.  All  our  warmth  comes  only 
and  entirely  from  this. 

Our  strength  comes  from  the  mixing  of 
carbon  and  oxygen  inside  us.  Whatever 
movement  we  make,  we  could  not  have 
made  but  for  the  force  produced  by  carbon 
and  oxygen  mixing  together. 
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VIII. 

HOW   PEOPLE    POISON    THEMSELVES. 

Why  did  the  candle  go  out  when  shut 
down  under  the  glass  ?  Because  it  very 
soon  used  up  all  the  oxygen  in  that  little 
portion  of  air  ;  and  when  it  could  get  no 
more,  it  could  not  go  on  hurning — because 
burning  really  is  mixing  together  carbon 
and  oxygen,  stnd  making  carbonic  acid 
gas.     So  the  candle  died  out. 

If  you  were  shut  up  in  a  small  room, 
without  a  crack  for  fresh  air  to  come  in 
at,  by  slow  degrees  you  would  draw  in 
and  use  up  all  the  oxygen  in  that  portion 
of  air,  sending  it  out  again  as  carbonic 
acid ;  and  before  very  long,  when  you 
had  used  it  all,  you  would  get  pale  and 
faint,  and  then  you  too  would  die. 

We  know  beforehand  that  this  would 
take  place,  for  the  reason  that  the  cause 
of  your  bodily  life  is  only  and  entirely 
that  oxygen  and  carbon  mix  together  in 
your  bodies.  But  in  one  o«r  two  sad  cases 
it  has  been  actually  shown  that  death  was 
the  consequence  of  being  kept  without 
oxygen. 

More  than  one  hundred  years   ago  a 
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cruel  Indian  prince  crowded  146  prisoners 
into  a  small  room  in  which  they  could 
scarcely  all  stand,  and  left  them  there  for 
a  whole  night.  When  the  doors  of  that 
terrible  place  (ever  since  called  "  The 
Black  Hole  of  Calcutta  ")  were  opened  in 
the  morning,  there  were  only  twenty-three 
persons  still  alive.  The  other  23  had 
died,  like  the  candle,  because  they  had 
not  enough  oxygen  to  clear  the  carbonic 
acid  out  of  their  blood,  and  to  go  on 
making  more  of  it.  Not  quite  thirty 
years  ago,  90  out  of  150  persons  died  in 
the  cabin  of  a  ship,  because  they  were 
fastened  down,  without  enough  air,  for 
seven  hours,  during  a  storm. 

Thus  you  see  that  stopping  our  burning 
altogether ',  kills  us  ;  and  we  might  guess 
that  stopping  it  partly  will  make  us  ill. 
This  is  indeed  the  case.  When  too  many 
people  stay  in  a  room  for  hours  at  a  time, 
or  when  their  windows  are  never  opened  to 
let  in  plenty  of  fresh  air,  they  get  ill.  No 
one  can  tell  how  very  much  sickness,  how 
many  different  complaints,  how  great  weak- 
ness, are  caused  by  want  of  ventilation. 

You  who  have  read  these  pages  know 
why  you  need  fresh  air;  you  will  have 
no    excuse    if    you    let     carbonic     acid 
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gather  in  rooms  that  you  stay  in,  till  it 
makes  you  and  other  people  unhealthy. 
Bemember,  that  you  require  fresh  air  as 
much  as  you  do  food,  and  for  the  same 
purpose  ;  and  as  you  would  not  go  for 
days  without  food,  so  take  care  never  to 
go  for  days  without  the  air  which  you 
must  have  to  mix  with  the  food  to  make 
your  heat,  your  strength,  your  life. 


IX. 

HOW    TO    VENTILATE    A   ROOM. 

Whenever  a  room  smells  at  all  "  close  " 
and  "  stuffy,"  you  will  know  that  it  wants 
to  be  ventilated.  But  less  carbonic  acid 
in  the  air  than  can  thus  be  felt  will  make 
people  who  stay  in  it  very  ill.  Long 
before  you  can  feel  the  want  of  oxygen 
directly,  your  blood  can  be  suffering  from 
need  of  more  of  it.  The  head  aches  a 
little,  and  you  feel  stupid  and  tired.  And 
those  who  live  constantly  in  rooms  that 
are  not  regularly  ventilated  get  white 
blood  and  weakness,  and  are  often  un- 
happy without  any  reason. 

People  ought  not  to  wait  till  they  have 

16 
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done  this  harm  to  themselves  before  they 
get  rid  of  their  carbonic  acid,  and  take  in 
more  oxygen.  Whenever  several  people 
are  in  a  close  room,  you  know  that  they 
are  filling  it  with  carbonic  acid,  and  that 
you  must  ventilate  it,  even  if  you  cannot 
notice  any  bad  smell  in  the  air. 

Opening  doors  and  windows  is  the 
readiest  means  of  cleansing  the  air  of  a 
room.  When  you  open  windows  for  this 
purpose,  you  should  pull  down  the  top 
panes,  as  well  as  push  up  the  bottom ;  for 
the  following  reason  : — 

The  air  that  comes  out  of  our  mouths 
is  hot :  the  carbonic  acid  in  it  has  just 
come  from  the  warm  lungs.  When  Jack 
Frost  draws  pictures  on  our  windows,  you 
know  that  if  you  want  to  see  out  you  can 
thaw  the  frozen  water  by  your  warm 
breath.  Now,  hot  air  is  lighter  than 
cold ;  and  therefore  the  warm  breath 
coming  from  our  lungs  goes  up  to  the 
top  of  the  room,  while  the  heavier  fresher 
air  stays  at  the  bottom.  This,  you  see, 
means  that  the  stale  breath  goes  to  the 
top  of  the  room.  And  so,  when  we  open 
our  windows  at  the  top,  this,  tainted  with 
carbonic  acid,  quickly  gets  out,  while  the 
cool  air  comes  in  at  the  bottom,  and  goes 
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up  to  fill  the  space,  without  getting  mixed 
with  the  stale  air. 

In  bedrooms,  the  chimney  should  never 
be  stopped  up.  If  there  are  not  too  many 
people  sleeping  there,  the  fresh  air  which 
comes  under  the  crack  of  the  door  and 
drives  the  stale  air  up  the  chimney,  is 
enough  to  keep  a  room  healthy  all  night. 

I  have  spoken  most  of  the  bad  effect 
of  breathing  air  full  of  the  carbonic  acid 
which  we  ourselves  have  made,  because 
this  is  what  there  is  most  fear  of  people 
doing.  But  I  must  add,  in  concluding, 
that  air  is  made  more  or  less  poisonous  to 
us  by  having  other  gases  in  it.  Sewer  gas 
is  particularly  bad  ;  and  the  gas  arising 
from  rotten  animal  matter  is  also  dan- 
gerous. When  the  dust  bin  is  near  the 
house,  all  the  refuse  that  can  be  should  be 
burnt  in  the  fire ;  not  put  among  the 
ashes  to  make  everybody  ill. 

Eemember,  that  to  breathe  pure  air  is 
the  way  to  make  pure  blood  and  a  sound 
body ;  and  is  one  of  the  most  important 
steps  toward  being  "  healthy,  happy,  and 
wise."  Impure  blood,  caused  by  breathing- 
impure  air,  not  only  causes  many  people 
to  be  unhappy  and  stupid,  but  even  makes 
it  difficult  for  them  to  lead  good  lives. 


THE    SICKNESSES 
THAT   SPREAD- 

BY    MRS.     FEN  WICK     MILLER, 

Member  of  the  London  School  Board. 


I. 

INFECTIOUS    DISEASES. 

Yeaes  ago,  when  white  men  first  went 
to  Australia,  there  were  no  thistles  in  all 
that  great  land.  At  this  time  it  is  so 
overgrown  with  thistles  that  they  form 
one  of  the  farmers'  greatest  difficulties. 

All  the  multitude  of  thistles  that  are 
growing  now  in  Australia  came  from  two 
plants.  The  thistle,  we  all  know,  is  the 
national  emblem  of  Scotland;  and  there 
are  plenty  of  those  prickly  plants  in  that 
part  of  our  country.  A  Scotchman  who 
was  going  to  Australia  unluckily  happened 
to  make  up  his  mind  to  carry  with  him  a 
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thistle,  as  a  remembrance  of  his  beloved 
native  land ;  and  he  took  two  plants  over 
the  seas  with  him,  and  put  them  in  the 
soil  of  the  new  country.  When  the  seed- 
time of  the  thistle  came,  the  wind  caught 
up  the  light  fluffy  seeds  of  the  Scotchman's 
plants,  and  wafted  them  on  to  the  neigh- 
bouring farms.  The  next  year  the  land 
of  those  other  farms  bore  some  thistles ; 
and  the  same  thing  happened  with  the 
new  seeds  in  the  proper  season.  The  end 
was  that  before  very  many  years  had 
passed,  the  Scotchman's  plant  had  spread 
all  over  the  country.  Now,  the  farmers 
cannot  keep  the  thistles  off  their  fields, 
because  the  seed  is  carried  by  the  wind 
through  the  air,  and  in  so  many  other 
ways,  that  it  is  not  possible  to  guard 
against  it. 

Many  of  the  diseases  that  we  suffer 
and  die  from  spread  just  as  rapidly,  and 
through  as  long  distances,  as  the  two 
thistles  did  in  Australia.  We  cannot  see 
the  seeds  of  these  sicknesses ;  but  we 
know  only  too  well  that  they  can  be  car- 
ried from  one  to  another  in  many  ways, 
and  that  they  will  enter  the  body  of  a 
healthy  person  and  poison  his  blood.  We 
know  that  the  only  way  in  which  we  can 
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prevent  one  of  these  diseases  spreading 
from  the  person  who  is  first  attacked  to 
his  family  and  his  neighbours,  and  per- 
haps all  through  a  city,  is  by  taking 
means  to  at  once  destroy  the  seeds  of  the 
disease,  and  to  keep  them  from  going 
out  of  the  sick-room.  Fortunately,  we  do 
know  pretty  well  how  to  do  this.  We 
know  what  complaints  can  be  spread  from 
one  person  to  another;  we  know  how 
they  can  be  carried  about ;  and  we  know 
what  steps  ought  to  be  taken  when  any- 
one is  ill  with  such  a  disease  to  keep  the 
seeds  of  it  inside  his  room,  and  to  destroy 
their  power  before  they  can  touch  any 
healthy  person. 

Everybody  ought  to  know  ail  these 
things.  There  are  laws  made  to  prevent 
people  who  suffer  from  such  diseases  from 
spreading  them  to  others,  and  heavy 
punishments  for  those  who  are  found  out 
in  disobeying  the  laws.  But  if  we  do 
not  know,  and  make  up  our  own  minds 
always  to  do,  what  ought  to  be  done  in 
such  cases,  there  is  no  hope  that  laws 
alone  can  ever  stamp  out  these  diseases ; 
while,  on  the  other  hand,  if  all  people 
will  but  learn,  and  resolve  to  carry  out, 
the  proper  rules  for  preventing  the  spread- 
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ing  of  disease,  we  may  perhaps  hope  that 
some  day,  one  by  one,  these  sicknesses 
that  spread  may  disappear — that  every 
seed  may  be  destroyed,  and  mankind  be 
freed  from  them  for  ever. 

Do  not  let  boys  and  girls  think  that 
they  need  not  trouble  to  learn  about  all 
this  until  they  are  grown  up.  You  must 
have  the  knowledge  in  your  head,  ready 
for  when  you  require  to  use  it.  If  you  do 
not  store  it  up  there,  the  mischief  may  be 
done  in  after  years  while  you  are  looking 
for  learning.  You  must  study  this  sub- 
ject before  you  want  to  use  your  know- 
ledge, for  the  same  reason  that  a  soldier 
drills  and  practises  firing  at  a  mark 
during  peace — because  there  will  be  no 
time  to  learn  when  the  moment  comes 
in  which  you  need  to  know. 


II. 

WHAT    DISEASES    ABE    INFECTIOUS. 

Of  course  many  diseases  do  not  spread 
from  one  person  to  another.  Inflamma- 
tions, for  instance,  result  from  the  stag- 
nation of  blood  in  the  little  blood-vessels 
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of  any  part ;  and  this  kind  of  complaint 
cannot  be  caused  in  one  person  by  bis 
going  near  another  who  is  in  that  con- 
dition. 

There  are  other  diseases  which  can  be 
spread  only  by  the  healthy  touching  the 
sick,  or  by  something  that  has  been  against 
the  diseased  part  being  laid  upon  the 
healthy  person.  That  is  to  say,  this  kind 
of  sicknesses  spreads  from  one  person  to 
another  only  by  contact,  and  never  through 
the  air,  or  through  any  article  that  has 
not  been  actually  touched  by  the  disease. 
Spreading  complaints  of  this  kind  are 
called  contagious.  I  need  say  very  little 
about  them,  except  that  those  who  are 
suffering  from  any  of  them  should  not  be 
allowed  to  mix  with  healthy  people.  For 
instance,  ringivorm  and  itch  are  very  con- 
tagious ;  and  when  children  get  either  of 
these,  they  should  not  go  to  school  until 
they  are  better,  nor  should  they  sleep  with 
others. 

There  is  a  third  class  of  diseases  to 
which  the  story  about  the  thistle  seeds 
exactly  applies.  The  seeds  of  illnesses  of 
this  description  maybe  carried  through,  tlie 
air,  no  one  knows  how  far.  They  have  been 
taken  in  a  letter  through  the  post,  and 
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the  disease  has  attacked  the  person  who 
opened  the  envelope  that  was  closed  in 
the  house  where  the  sickness  was.  They 
cling  to  the  clothes  of  people  who  have 
been  near  the  one  who  is  ill.  They  hang 
upon  the  walls,  sometimes  for  months. 
They  sink  into  the  carpets,  or  nestle  in 
the  folds  of  the  curtains.  In  such  places, 
these  seeds  of  disease  will  stay  for  an  un- 
known space  of  time,  and  at  last,  if  they 
be  not  destroyed,  they  may  be  shaken 
out,  and  enter  the  body  of  some  one  who 
happens  to  be  near,  producing  the  disease 
just  as  though  the  sickness  itself  had  been 
then  still  raging  in  the  house.  Illnesses 
that  spread  in  this  terrible  manner  are 
called  Infectious  Diseases. 

Happily,  we  know  of  several  things 
which  have  the  power  of  destroying  those 
seeds  of  infection,  rendering  them  harm- 
less, and  incapable  of  commencing  the 
disease  in  a  healthy  body,  Those  gases 
or  fluids  which  will  kill  infection  are 
called  disinfectants. 

Sometimes  there  seem  to  be  somany  seeds 
of  one  particular  disease  floating  in  the  air 
that,  do  what  we  may,  we  can  scarcely 
escape  getting  them  into  our  lungs.  When 
this  is  the  case,  there  is  said  to  be  an 
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epidemic  of  the  disease.  Possibly  we  should 
never  have  this  sad  state  of  affairs  if  it 
were  not  for  neglect  of  the  laws  of  health. 
The  most  infectious  of  diseases,  naming 
them  in  the  order  of  their  infectiousness, 
are  the  following  ones: — Smallpox,  scar- 
let-fever, typhus  fever,  measles,  hooping- 
cough,  diphtheria,  typhoid  fever,  and  per- 
haps cholera. 


III. 

SOME  TEUE  STOEIES  ABOUT  INFECTION. 

We  must  realise  how  very  certain  a  thing 
infection  is  in  these  diseases  before  we 
can  understand  how  important  it  is  to 
carry  out  the  means  for  preventing  it  pre- 
sently to  be  described. 

One  important  point  to  be  recollected 
is  this  :  that  a  person  who  has  one  of  these 
diseases  in  a  slight  form  may  cause  the 
most  violent  hind  in  another.  It  is  like 
sowing  a  seed  in  different  soils ;  the  very 
same  seed  may  bring  forth  fine  plants  in 
one  kind  of  mould,  and  poor  tiny  little 
shoots  in  another.  Therefore,  every- 
thing should  be  done  to   prevent  infec- 
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tion  spreading  from  a  person  who  is  only 
slightly  ill,  just  as  much  as  from  one  who 
is  very  bad  with  an  infectious  complaint. 

I  could  tell  you  many  true  stories 
of  how  infection  has  been  carried  from 
place  to  place,  through  carelessness  which 
was  really  wicked.  But  I  think  you  can 
easily  see  how  the  seeds  of  disease  may 
be  conveyed  in  clothes  and  on  papers; 
and  it  will  be  more  useful  if  I  relate  one 
or  two  cases  to  show  how  long  infection 
can  cling  about,  so  that  you  may  never 
fall  into  the  dangerous  mistake  of  think- 
ing that  it  is  destroyed  simply  by  shutting 
up  a  room,  or  putting  clothing  and  fur- 
niture out  of  the  way  for  a  few  weeks. 
This  is  almost  useless ;  for  the  seeds  of 
disease  are  like  those  of  plants — they  can 
be  dried,  and  kept  for  an  unknown  space 
of  time,  springing  into  life  as  soon  as  they 
are  placed  in  a  position  which  gives  them 
nourishment. 

Scarlet-fever  once  entered  into  a  cottage 
that  had  a  roof  of  straw  thatch.  When 
the  first  person  who  was  ill  had  got  better, 
the  cottage  was  cleaned  out,  and  white- 
washed ;  but  as  soon  as  the  people  went 
back  into  it,  more  of  them  took  the  disease. 
Again  the  walls  were  whitewashed,  and 
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the  floor  scrubbed,  but  again  the  same 
thing  happened  when  the  cottage  was 
lived  in.  At  last,  after  four  months  of 
this,  the  straw  roof  was  pulled  off  and 
burned.  Then,  and  not  until  then,  the 
cottage  became  free  from  infection. 

A  young  lady  went  to  stay  with  some 
friends  in  a  large  country  house.  Two 
months  after  she  went  she  had  scarlet- 
fever.  Now  the  seeds  of  disease  farther 
resemble  the  seeds  of  plants  in  this — that 
they  come  to  life,  so  to  speak,  in  a  certain 
number  of  days  or  weeks  after  being 
planted.  Scarlet-fever  seeds  require  about 
a  week.  Certainly,  therefore,  the  young 
lady  had  taken  the  disease  since  she  had 
been  staying  in  the  country  ;  and  for  a 
long  time  her  friends  could  not  think  how 
she  had  got  it.  At  last  it  was  remem- 
bered that  she  had  been  put  to  sleep  for  a 
few  nights  in  a  room  in  which  someone 
had  had  scarlet-fever  over  two  months 
before  ;  and  the  carpet  had  not  been  pro- 
perly disinfected  since  the  illness,  though 
the  room  had  been  thoroughly  cleansed. 
In  this  case,  the  disease  seeds  had  clung 
deep  down  in  the  staff  of  the  carpet,  and 
risen  up,  when  they  became  dried,  to  enter 
the  bodies  of  those  who  walked  over  them. 
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Just  one  instance  of  the  long  life  of  the 
seeds  of  smallpox.  During  last  century 
there  was  an  epidemic  of  smallpox  in 
Quebec,  in  Canada.  Most  of  the  people 
who  died  were  buried  in  one  cemetery, 
and  it  got  so  full  of  graves  that  it  was 
shortly  after  shut  up.  Nearly  eighty  years 
afterwards,  a  railway  was  to  be  taken 
through  the  old  graveyard,  and  several 
workmen  were  set  to  make  a  cutting 
through  the  ground.  Some  of  those 
workmen  took  the  smallpox,  the  seeds  of 
which  they  were  digging  up  out  of  the 
graves  ;  and  from  them  another  epidemic 
of  a  very  severe  form  of  smallpox  spread 
through  Quebec,  and  killed  great  numbers 
of  persons. 

Thus,  you  see,  time  alone  cannot  be 
relied  upon  to  destroy  infection;  only 
proper  and  careful  disinfection  can  kill 
the  seeds  of  these  spreading  diseases. 


IV. 

HOW   TO   AVOID   INFECTIOUS   DISEASES. 

When  any  disease  is  "  going  about"— 
that  is  to  say,  when  there  is  an  epidemic 
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of  it — we  should  all  do  our  best  to  avoid 
its  entering  our  houses,  and  to  make  our 
bodies  strong  to  stand  against  it. 

For  though  there  is  no  doubt  that 
these  spreading  diseases  in  general  are 
caused  by  the  entry  into  the  body  from 
outside  of  the  poison,  so  that  the  young, 
strong,  and  healthy  may  be  seized  by 
them,  yet  at  the  same  time  it  is 'equally 
certain  that  the  better  our  health  is  the 
greater  chance  we  have  of  escaping  them, 
and  the  more  able  we  are  to  fight  against 
them  if  they  do  come  to  us.  All  things, 
therefore,  which  lower  our  general  health 
make  us  in  more  danger  during  an 
epidemic. 

While  there  is  any  disease  that  spreads 
raging  around  us,  we  must,  to  guard  our- 
selves from  it,  attend  to  two  things. 
These  are — 

First.  To  keep  up  our  general  health. 

Second.  To  keep  our  houses  very  clean. 

The  first  of  these  must  be  done  partly 
by  eating  good  food,  and  a  sufficient 
quantity  of  it.  Never  at  such  times, 
above  all  others,  eat  tainted  meat  or  fish, 
or  decayed  vegetables.  These  are  dearer 
in  the  end  than  fresh  wholesome  food, 
even  although  you  may  pay  a  little  less 
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money  for  them ;  because  we  eat  to  get 
strength  out  of  our  food,  and  damaged 
things  are  very  likely  to  injure  us  instead 
of  being  useful  to  us.  Half-a-pint  of  split 
peas,  or  of  haricot  beans  well  boiled,  will 
be  far  better  for  one  than  half-a-pound  of 
bad  meat,  at  any  time ;  especially  while 
an  infectious  disease  is  rapidly  spreading 
through  the  air. 

Again,  to  keep  up  our  general  health 
at  such  times,  we  must  breathe  pure  air. 
Windows  must  be  often  opened ;  bed- 
rooms must  be  kept  as  fresh  as  possible ; 
and  we  must  take  care  that  the  air  is  not 
made  impure  just  outside  our  homes,  by 
the  gathering  up  there  of  waste  and 
decaying  matters,  as  upon  dustheaps  and 
dunghills.  The  house  drains  ought  not 
to  let  any  bad  smell  come  up  into  the 
dwelling.  It  is  believed  that  typhoid 
fever  in  particular  is  brought  into  a 
house  by  sewer-gas ;  and  in  any  case 
breathing  air  tainted  with  this  impurity  is 
lowering  to  the  health.  Carbolic  acid 
powder  should  be  put  down  sinks  or  closets 
that  allow  a  faint  sickly  odour  to  pass  up 
into  the  house.  Those  who  are  too  poor 
to  buy  this  disinfectant  can  generally  get 
it  given  to  them,  during  any  epidemic,  at 
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either  the  vestry  offices  or  the  office  of 
the  Board  of  Health. 

Finally,  the  shin  must  be  kept  clean, 
and  the  clothing  must  be  changed  fre- 
quently, so  that  the  waste  of  the  body 
maybe  readily  removed  through  its  pores, 
and  the  general  health  maintained. 

Secondly,  we  must  have  our  houses 
very  clean.  Dust  and  flue  are  dangerous, 
because  they  may  get  the  seeds  of  disease 
caught  in  them  and  hold  them  in  the 
room,  when  if  there  had  been  no  dust 
the  infection  would  have  had  nothing  to 
gather  in.  All  human  beings,  also,  send 
off  from  their  lungs  and  skins  some 
organic  (that  is,  animal)  matter.  In  a 
dirty,  dark,  ill-aired  room,  this  gathers 
on  the  walls  and  floor.  Dr.  Mapother 
reckons  that  a  family  of  five  persons 
living  twelve  hours  every  day  in  a  room 
send  off  into  it  in  the  course  of  a  year 
thirty-eight  pounds  of  animal  matter.  If 
this  is  not  removed  by  sweeping,  dusting, 
and  scrubbing,  it  decays  in  the  room,  and 
seems  to  be  to  the  seeds  of  disease  some- 
thing like  what  a  hot-bed  is  to  the  seeds 
of  flowers,  making  them  take  root  and 
grow  more  quickly  and  more  easily. 

An  interesting  instance  of  the  power 
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of  vaccination  in  preventing  smallpox 
is  furnished  by  the  Highgate  smallpox 
hospital,  where  all  the  servants,  except 
those  who  have  had  the  disease,  are 
vaccinated  or  revaccinated  on  entering 
the  institution.  The  result  is  given  by 
the  resident  physician  in  a  letter  to  the 
author,  in  the  following  words  : — "  During 
the  forty  years  that  I  have  been  resident 
surgeon  to  this  hospital,  with  a  staff  of 
nurses  and  servants,  varying  according  to 
the  number  of  patients,  of  from  eight  to 
fifteen  or  sixteen, — and,  like  all  employes, 
of  course  there  have  been  frequent  changes 
among  them  in  this  long  time, — not  one  of 
them  has  ever  taken  the  smallpox  during 
residence  in  its  midst  in  this  hospital. 
Three-fourths  of  them  owed  their  protec- 
tion to  vaccination,  the  remainder  to 
having  previously  had  smallpox." 


V. 

THE  COMMENCEMENT  OF    INFECTIOUS  DISEASES. 

The  seeds  of  all  the  diseases  that  spread 
resemble  the  seeds  of  plants  in  lying  for 
some   time   in    the   ground  before    they 
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"  come  up ;  "  in  other  words,  the  poison  of 
one  of  these  diseases  is  at  work  in  the 
body  for  some  days  before  the  particular 
complaint  can  be  distinguished  from  all 
others. 

Those  who  specially  study  this  subject 
can  tell  one  disease  from  another  at  the 
end  of  a  certain  time  ;  but  in  the  very 
first  beginning,  all  the  infectious  fevers 
cause  the  same  symptoms. 

These  first  signs  are  general  weakness 
and  a  very  tired  feeling;  pains  in  the 
back,  and  in  the  limbs  when  the  person 
walks  a  little  distance;  shivering;  head- 
ache, and  sometimes  a  desire  to  be  sick, 
or  actual  sickness. 

It  is  very  hard  to  tell  whether  anybody 
who  has  such  symptoms  is  going  to  have 
a  fever,  or  not ;  because  a  bad  cold,  or  a 
bilious  attack,  may  make  one  in  very 
much  the  same  condition.  But  when 
there  is  an  epidemic,  it  is  better  to  be 
over-careful  than  careless,  So  when  it  is 
easy  to  keep  the  child  or  the  person  who 
is  thus  affected  at  home  for  a  few  days, 
until  we  see  what  is  going  to  happen,  it  is 
as  well  to  do  so. 

A  very  few  days  will  let  us  know  the 
truth.     If  it  is  only  a  cold,  or  some  simi- 
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lar  slight  matter,  the  symptoms  go  off, 
and  the  patient  gets  well  again ;  but  if  it 
is  a  fever,  he  will  gradually  grow  weaker, 
and  at  last  he  will  be  very  hot  and  restless 
and  very  thirsty,  and  some  kind  of  spot 
will  come  upon  his  body  ;  then  the  doctor 
must  be  sent  for  directly,  and  you  will 
learn  which  of  the  several  fevers  you  have 
got  in  your  home.  Of  course,  I  shall  not 
pretend  to  teach  you  how  you  may  know 
one  fever  from  another  ;  for  the  moment 
that  you  are  sure  that  a  person  is  going  to 
be  really  ill  you  must  send  for  a  doctor, 
who  has  made  it  the  study  of  a  life  to  know 
and  to  cure  disease.  I  am  not  writing 
about  the  medical  treatment,  but  about 
the  home  management,  of  such  com- 
plaints. 

Well,  as  soon  as  you  know  that  there 
is  an  infectious  disease  upon  the  patient, 
think  what  it  is  that  you  want  to  do  about 
it.  You  want,  in  the  first  place,  to  save 
the  life  of  the  one  who  is  sick ;  and,  in 
the  second  place,  to  prevent  the  disease 
from  spreading  to  any  other  person. 
Whether  these  two  important  ends  will 
be  attained  depends  to  a  very  large  extent 
upon  the  care  and  knowledge  of  the  mis- 
tress of  the  household  ;  and  therefore  girls 
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especially  should  study  what  I  am  now 
about  to  write. 


VI. 

THE    SICK-ROOM — PREPARATION. 

In  choosing  the  room  which  shall  be  the 
sick  chamber,  it  is  well,  for  more  than 
one  reason,  to  go  to  the  top  part  of  the 
house,  if  possible. 

If  the  top  rooms  are  small  attics,  as  is 
often  the  case  in  large  houses,  then  you 
cannot  take  one  of  them  for  your  patient ; 
for  the  first  thing  needful  is  that  the  sick 
chamber  shall  be  airy — that  it  shall  be 
fairly  lofty,  and  with  good-sized  windows, 
that  will  open  at  both  the  top  and  bottom. 
An  invalid  stived  up  in  a  low-ceiled,  dark, 
ill-ventilated  garret  will  almost  surely  die. 
The  room  chosen  also  must  have  a  fire- 
place in  it. 

If,  however,  you  can  get  a  room  at  the 
top  of  the  house  that  fulfils  these  neces- 
sary requirements,  it  is  to  be  chosen  before 
even  nicer  rooms  upon  the  lower  floors. 

It  will  be  better  for  the  patient  himself, 
because  he  can  be  kept  quieter,  generallv. 
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The  sounds  of  the  household  life  are 
mostly  at  a  distance  from  him  there  ;  and 
even  slight  noises  may  disturb  a  sick 
man,  and  break  his  rest,  making  in  the 
end  just  the  difference  between  recovery 
and  death. 

But  chiefly  the  highest  floor  should  be 
chosen  for  the  sake  of  others  ;  having  in 
view  the  second  aim  laid  down  in  the  last 
chapter  :  to  prevent  the  spreading  of  the 
disease.  Of  course,  when  the  sick-room 
is  at  the  top  of  the  house,  it  can  be  much 
more  completely  shut  off  from  the  rest  of 
the  place  than  it  can  be  when  it  is  on  a 
lower  floor.  Perhaps  the  whole  top  story 
may  be  given  up  to  the  patient  and  nurse  ; 
or  even  if  this  cannot  be  done,  no  one 
need  go  up  very  frequently.  But  if  the  sick- 
room is  on  a  lower  floor,  then  people  must 
be  continually  passing  by  its  door  to  get 
to  all  the  upper  rooms  of  the  house. 

Furthermore,  the  seeds  of  infection  are 
believed  to  be  so  light  that  they  naturally 
tend  to  float  upwards  through  the  air.  If 
there  are  rooms  above  the  sick  chamber, 
the  infection  may  float  up  and  enter  them  ; 
but  if  it  is  one  of  the  highest  rooms  in  the 
house,  this  cannot  happen. 

When  the  room  is  fixed  upon,  the  next 
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thing  to  do  is  to  consider  its  furniture. 
Since  we  know  that  infection  clings  for  a 
long  time  in  all  that  is  left  in  the  sick 
chamber,  we  see  at  once  the  importance 
of  having  the  room  as  nearly  empty  as  it 
can  be  with  comfort.  Nothing  should  be 
left  in  it,  except  what  is  needed  for  the 
convenience  of  the  patient  and  nurse. 

All  unnecessary  hangings,  any  pictures, 
boxes,  and  spare  clothing  that  may  happen 
to  be  in  the  room,  must  be  taken  away. 
Carpets  are  hard  to  disinfect,  and  hold  the 
infection  for  a  long  time ;  only  a  strip  or 
two  of  carpet  should,  therefore,  remain  on 
the  floor.  Glazed  stuffs,  such  as  chintz, 
hold  infection  less  than  woollen  ones ;  and 
light  colours  absorb  it  less  readily  than 
dark.  At  most,  only  the  long  head-curtains 
should  be  left  of  the  bed-hangings ;  and 
for  the  reasons  just  mentioned,  a  light- 
coloured  chintz  is  the  best  material  for 
these. 

If  the  room  is  a  fairly  long  one,  it 
might  have  in  it  the  following  articles  of 
furniture  : — In  addition  to  the  patient's 
bed,  an  easy  chair  for  the  nurse,  a  wash- 
stand  (with  a  good  supply  of  towels  upon 
or  beside  it),  one  large  table,  to  hold  the 
medicines  and  so  on,  and  a  small  table  to 
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put  up  to  the  bedside.  These,  with  a  few 
lesser  articles,  such  as  a  slop-pail  and  a 
coal-scuttle,  will  generally  be  all  the  things 
required  in  the  room  ;  and  whatever  other 
furniture  it  may  have  had  in  it  should  be 
taken  away  before  the  patient  is  brought  in. 


VII. 

THE    NURSE    AND    NURSING. 

Doctors  know  well  that  good,  wise,  and 
careful  nursing  often  does  more  to  save 
the  life  of  the  sick  person  than  all  their 
drugs.  It  is  not  my  purpose  here  to  give 
any  instructions  upon  the  art  of  nursing. 
I  must  proceed  to  say  what  comes  into 
my  plan  about  the  cautions  that  must  be 
observed  to  prevent  the  nurse  carrying 
the  infection  out  of  the  sick-room. 

It  is  positively  necessary  in  every 
spreading  disease  that  some  one  person 
should  undertake  to  nurse  the  sick.  It 
can  never  be  permitted  that  the  sufferer 
should  sometimes  be  left  alone  for  many 
minutes  together,  and  that  the  nurse 
should  have  to  attend  to  anything  else  in 
the  house  in  addition  to  waiting  upon  him. 
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Some  one — mother,  sister,  or  hired  servant 
— must  be  the  nurse,  to  be  almost  con- 
stantly in  the  sick-room,  and  never  care- 
lessly mixing  with  the  rest  of  the  family. 
This  is  needful  for  both  the  objects  we 
have  to  keep  in  view :  both  for  the  well- 
being  of  the  patient,  and  for  preventing 
the  spread  of  the  disease.  And  if,  from 
want  of  money  or  any  other  circum- 
stances, this  cannot  be  managed ;  or  if 
it  is  not  possible  to  arrange  a  separate, 
airy  room  for  the  sick  chamber  ;  then  the 
patient  should  be  sent  to  a  fever  hospital, 
if  one  can  be  found  for  him  sufficiently 
near.  It  is  not  kind  and  affectionate, 
but  cruel,  to  keep  him  at  home  in  such  a 
room  and  with  such  attendance  that  he 
is  almost  sure  to  die  ;  and  it  is  nothing 
less  than  wicked  to  neglect  the  most 
simple  and  plainly  necessary  cautions 
against  the  spreading  of  the  disease  to 
others.  Hospitals  are  provided  with  all 
things  for  the  safety  and  comfort  of  those 
who  are  taken  into  them ;  and  though  we 
naturally  like  to  have  our  sick  friends 
near  to  us,  where  we  can  hear  about 
them  at  any  moment  and  do  something 
for  them  ourselves,  yet  when  we  are  not 
able   to  give  them  proper  treatment  at 
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home,  we  can  let  them  goto  ahospitalwith 
the  happy  knowledge  that  they  will  have 
there  the  most  skilful  attendance  and  all 
the  care  possible.  Those,  therefore,  who 
cannot  command  a  separate  room  and  a 
person  who  need  do  nothing  hut  nurse 
the  invalid,  should  send  to  the  medical 
officer  of  health  for  their  district,  at  the 
Vestry  Hall,  or  wherever  he  is  to  be 
found ;  and  if  a  bed  in  hospital  can  be 
had,  he  will  arrange  for  the  patient  being 
taken  to  it. 

At  home,  the  nurse  must  be  the  mes- 
senger, so  to  speak,  between  the  sick- 
room and  the  rest  of  the  house.  She 
must  carry  everything  that  is  needful  into 
and  out  of  the  room.  Before  leaving  the 
room  for  any  purpose,  she  should  wash 
her  hands  in  water  that  has  some  dis- 
infectant in  it,  and  shake  her  dress  ;  and 
she  should  not  stay  talking  longer  than 
is  really  necessary  with  anyone  outside 
her  patient's  apartments.  Other  pre- 
cautions against  the  spread  of  the  sick- 
ness that  depend  upon  the  nurse  to 
carry  out  will  be  mentioned  in  the  next 
chapter. 
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VIII. 

THE    SICK-ROOM — DURING    THE    DISEASE. 

Now  we  must  begin  to  study  more  fully 
the  subject  of  disinfectants.  It  has  already 
been  said  that  this  is  the  name  given  to 
all  those  fluids  and  gases  which  have  the 
power  of  destroying  the  poison  of  infec- 
tion, so  acting  upon  the  seeds  of  disease 
as  to  render  them  harmless.  Directly 
the  sick  person  enters  the  properly  chosen 
chamber,  disinfectants  must  be  brought 
into  use  ;  and  neglect  of  them  means 
letting  the  seeds  of  the  poison  wander 
away  full  of  power  to  plant  the  disease  in 
other  persons. 

Disinfectants  may  be  divided  into  two 
great  classes — those  which  will  mix  with 
the  air  and  destroy  the  poison  that  floats 
in  it ;  and  those  that  will  not  become 
part  of  the  air,  but  which  act  upon  things 
put  into  them.  The  first  class  purify, 
and  render  safe  for  the  healthy  to  breathe, 
the  air  which  has  been  in  the  sick-room  ; 
the  second  class  prevent  infection  being 
carried  out  upon  clothes,  towels,  or  any- 
thing that  is  taken  downstairs  to  be 
thrown  away. 
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Of  the  first  class,  the  one  most  suitable 
for  use  in  the  sick-room  during  the  ill- 
ness is  chlorine  gas.  This  is  easily  made 
in  a  sufficiently  large  quantity  for  the 
sick  person  to  bear,  by  putting  chloride 
of  lime  in  a  saucer,  and  keeping  it  damp 
with  water.  So  long  as  it  sends  out  a 
peculiar  smell,  so  long  the  gas  is  being 
given  off;  but  when  the  smell  ceases,  the 
chlorine  has  all  come  out,  and  fresh 
chloride  of  lime  is  needed.  As  this  gas 
is  heavier  than  air,  the  saucer  should  be 
placed  as  high  up  in  the  room  as  possible. 
There  must  be  only  enough  chlorine 
made  at  one  time  to  give  just  a  faint 
scent  to  the  air  of  the  room,  because 
the  gas  is  irritating  to  the  lungs  when 
breathed  in  large  quantities,  and  a  sick 
person  is  too  weak  to  bear  even  slight 
discomforts. 

Such  a  disinfectant  for  the  air  need 
only  be  adopted  in  the  case  of  the  two 
most  infectious  diseases — smallpox,  and 
scarlet-fever.  But  the  instructions  which 
I  now  proceed  to  give  for  the  use  of  dis- 
infectants of  the  second  class  should  be 
carried  out  in  every  case  of  spreading 
disease,  even  in  those  which  seem  the 
slightest. 
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Of  the  second  class  (viz.,  fluids  for 
disinfecting  clothing,  and  so  on),  the 
two  best  are  Condy's  Fluid  and  Carbolic 
Acid. 

Take  particular  notice  that  you  must 
not  use  both  of  these  at  one  and  the 
same  time.  Either  is  good  by  itself,  but 
they  destroy  one  another's  power. 

Condy's  Fluid  is  a  deep  red  liquid ;  it 
is  rather  cheaper  than  carbolic  acid. 
You  can  buy  it  at  the  chemist's,  in  bot- 
tles containing  a  pint,  or  a  larger  quantity. 
It  has  to  be  mixed  with  water  for  use, 
The  proper  proportions  are  a  teaspoonful 
of  the  fluid  to  a  pint  of  water,  for  any  of 
the  purposes  presently  to  be  pointed  out. 
This  makes  a  pink  liquid,  which  loses  its 
strength  and  its  colour  when  left  exposed 
to  the  air  for  some  hours.  When  the 
pink  colour  disappears,  more  Condy's 
Fluid  must  be  added  to  the  water. 

Carbolic  Acid  is  likewise  a  fluid,  as 
white  and  as  thin  as  water.  It  is  a  strong 
poison,  and  never  should  be  put  upon  the 
table  where  the  medicine  stands,  for  fear 
of  an  accident.  A  wine-glassful  to  a  little 
more  than  half  a  pint  of  warm  water  is 
the  proper  strength  for  use  in  the  sick 
room.      Carbolic    acid    jpoivder    can    be 


270         THE    SICKNESSES    THAT   SPREAD. 

obtained,  and  is  useful  to  put  down  drains 
and  sinks,  or  in  the  water  for  scrubbing 
the  floors.  Carbolic  acid  soap  may  be 
used  for  washing  the  nurse's  hands. 

Now  for  what  you  are  to  do  with  which- 
ever of  these  you  decide  to  buy  and  use. 

First  thing,  to  completely  shut  off  the 
sick-room  from  the  rest  of  the  house, 
hang  a  sheet  or  a  large  tablecloth  right 
over  the  door,  outside  the  roam,  and 
thoroughly  wet  it  with  the  disinfectant 
liquid,  made  of  the  strength  directed 
above.  This  should  never  be  allowed  to 
become  quite  dry ;  it  will  need  re-wetting 
three  or  four  times  in  the  day. 

The  utensils  used  by  the  sick  person 
must  have  some  of  the  prepared  disin- 
fectant liquid  put  into  them  before  use. 
More  of  it  should  be  put  into  the  slop-pail 
before  the  nurse  carries  it  out  of  the 
room. 

Cups,  spoons,  plates,  anything  that  the 
patient  uses,  must  not  be  sent  downstairs 
without  having  been  rinced  in  the  disin- 
fectant water.  Be  careful  that  no  one 
(not  even  a  dog  or  cat)  eats  any  food  that 
is  sent  away  by  the  patient,  but  let  it  be 
burnt  in  the  fire  immediately. 

When  sheets,  or  the  sick  person's  night- 


THE  .  SICK-BOOM DURING    THE    DISEASE.      271 

dress,  or  towels,  are  to  be  sent  down  to 
the  wash,  they  must  be  plunged  into  a 
tub  containing  the  disinfectant  fluid, 
before  they  are  put  out  of  the  sick-room. 
Then  the  tub  can  be  carried  down,  and 
the  things  wrung  out,  and  put  into  very 
hot  water  to  stand  for  some  time.  This 
treatment  will  effectually  destroy  the 
poison,  and  a  healthy  person  can  after- 
wards do  the  washing  without  risk.  If 
Condy's  Fluid  is  used,  it  may  stain  the 
clothes  ;  but  the  stain  is  easily  removed 
by  soaking  them  in  water  with  salts  of 
sorrel  dissolved  in  it. 

Fresh  air  is  positively  necessary  to 
keep  the  sick-room  in  a  healthy  state. 
It  is  the  best  disinfectant,  as  it  is  the 
cheapest.  A  piece  of  wood  about  three 
inches  deep,  and  just  as  wide  as  the 
window,  laid  right  along  the  window-sill 
beneath  the  lower  sash,  will  make  a  small 
opening  in  the  centre  of  the  window, 
through  which  air  can  enter  without 
causing  the  least  draught.  A  fire  greatly 
assists  free  ventilation. 
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IX. 

THE    SICK  ROOM — DISINFECTION  AFTER    THE 
DISEASE. 

The  true  stories  related  in  the  earlier 
part  of  this  hook  have  shown  that  only 
the  most  thorough  disinfection  can  make 
a  room  in  which  an  infections  case  has 
heen  quite  safe  for  occupation  again. 

The  bed-clothes  should  he  treated  as 
described  in  the  last  chapter ;  if  they 
are  sent  to  the  washerwoman  without 
having  heen  first  disinfected,  the  person 
so  sending  them  can  be  heavily  fined  by 
the  magistrate.  The  only  effectual  dis- 
infecting process  for  the  bed  and  mat- 
tresses is  to  expose  them  to  the  action  of 
heated  air  for  several  hours — to  bake 
them,  in  fact.  The  sanitary  authorities 
(who  are  in  some  districts  the  Vestries, 
in  others  the  Boards  of  Health)  will 
undertake  the  disinfection  of  these  things, 
if  necessary. 

Little  articles  of  small  value,  such  as 
sponges,  for  instance,  are  best  disposed 
of  by  burning  them  in  a  fire. 

The    paper    on   the    walls    should  be 
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thoroughly  soaked  with  carbolic  acid, 
mixed  double  the  strength  of  that  used 
for  various  purposes  during  the  illness 
(see  page  269),  and  as  much  of  it  as  will 
come  off  easily  should  then  be  torn  from 
the  walls. 

After  this,  the  register  of  the  grate 
must  be  closed,  and  paper  pasted  round 
the  cracks  of  the  windows,  and  round 
the  edges  of  the  door,  in  preparation  for 
disinfecting  the  room  by  a  gaseous  dis- 
infectant. The  most  easily  made  and 
effectual  aerial  disinfectant  for  empty 
rooms  is  sulphurous  acid  gas. 

The  bedstead  and  table  may  remain  in 
the  room  while  the  gas  cleanses  it  from 
the  poison;  they  must,  however,  be  drawn 
away  from  the  centre  of  the  room  to 
beside  the  walls.  Then  a  large  washing- 
tub,  three  parts  full  of  water,  is  to  be 
carried  in  and  placed  in  the  middle  of  the 
floor.  A  pair  of  tongs,  partly  open,  must 
then  be  laid  across  the  tub,  and  a  large 
saucepan  lid,  or  other  iron  dish,  supported 
upon  them  above  the  water.  These 
precautions  have  to  be  taken,  lest  the 
room  should  be  set  on  fire  by  the  bub- 
bling over  of  the  burning  sulphur,  from 
which  the  disinfecting  gas  is  given  off. 

18 
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Half  a  pound  of  sulphur  (or  brimstone, 
as  it  is  commonly  called)  is  then  to  be 
broken  into  pieces  about  as  large  as  a 
man's  thumb-nail,  and  put  into  the  sauce- 
pan-lid, over  the  water;  and  a  shovelful 
of  burning  coals  must  be  taken  in,  and 
mixed  up  with  the  sulphur.  The  brim- 
stone soon  begins  to  burn,  and  as  it 
does  so,  sulphurous  acid  gas  is  sent  out. 
Directly  the  coals  and  sulphur  are  mixed 
well  together,  and  are  seen  to  be  sure  to 
burn,  the  room  door  is  to  be  shut,  and  no 
one  must  enter  for  at  least  six  hours. 
The  gas  would  stifle  any  person  attempt- 
ing to  breathe  in  it ;  and  while  the  room 
is  shut  up,  the  strong  fumes  kill  the 
poison  of  the  disease  completely. 

At  the  end  of  six  hours  after  the  mix- 
ing of  the  brimstone  and  coals,  you  may 
open  the  door,  and  go  in  and  throw  up 
the  windows.  The  next  day,  workmen 
may  come,  to  finish  scraping  the  old 
paper  from  the  walls  and  to  put  on  fresh, 
and  to  whitewash  the  ceiling.  Then  the 
floor  and  the  woodwork  should  be  scrubbed 
with  carbolic  acid  water ;  and  the  room 
will  be  perfectly  fresh  and  sweet,  free 
from  all  posionous  taint. 

The   law  provides   heavy  punishments 


SHE   SICK-ROOM    AFTER    THE    DISEASE.       275 

for  all  persons  who  knowingly  risk  giving 
any  spreading  disease  to  others.  Those 
who,  while  ill  with  such  a  complaint, 
walk  in  the  street,  or  enter  any  public 
conveyance,  such  as  a  railway  train ; 
those  who  ride  in  a  cab  without  first 
giving  notice  to  the  driver,  that  he  may 
afterwards  disinfect  his  vehicle ;  and 
those  who  let  for  occupation  a  house  or 
room  in  which  such  a  disease  has  been, 
without  having  had  it  properly  disin- 
fected, will  all  be  heavily  fined  by  a 
magistrate. 

But  I  trust  that  you  will  see  that  a 
very  much  higher  motive  than  the  fear 
of  the  law  should  lead  us  to  use  every 
means  to  prevent  the  spreading  of  disease. 
If  through  our  carelessness  or  wilful 
ignorance  a  fatal  sickness  is  spread,  we 
are  entirely  to  blame  for  all  the  suffering 
and  sorrow  that  will  come  after,  and  may 
have  placed  upon  our  consciences  the 
dreadful  weight  of  having  caused  the 
death  of  our  neighbour,  or  perhaps  even 
that  of  our  own  nearest  and  dearest 
relations.  To  study  this  subject  is,  there- 
fore, a  duty. 


THE   WEATHER. 


BOBERT  JAMES  MANN,  M.D.,  F.B.A.S.,  F.B.G.S., 

Vice-President  of  the  Meteorological 
Society,  late  Superintendent  of  Education  in  Natal. 


THE  NATURE  AND  PROPERTIES  OF  THE  AIR. 

Immediately  surrounding  the  water  and 
land  of  the  surface  of  the  earth,  there  is 
a  covering  of  a  thin,  transparent  sub- 
stance, called  the  " atmosphere,"  or  "air." 
It  acts  as  a  kind  of  great -coat,  or  outer 
garment,  to  the  earth,  and  is  probably 
about  fifty  miles  thick.  It  is  very  light 
and  thin  near  the  ground,  being  made  of 
an  altogether  countless  number  of  little 
particles,  which  are  very  much  too  small 
to  be  separately  seen,  and  which  at  the 
same  time  float  well  apart  from  each 
other.     On   this   account   they   roll   and 
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stream  about  amongst  each  other  with 
the  utmost  freedom  and  readiness.  They 
get  further  and  further  apart  in  the  higher 
regions  of  the  atmosphere,  because  there 
is  there  less  weight  of  other  air  resting 
upon  them.  They  can  be  pressed  more 
closely  together,  either  by  weight  or  by 
the  withdrawal  of  heat.  On  account  of 
their  being  so  small  and  so  widely  scat- 
tered amongst  each  other,  the  substance 
which  they  form  is  quite  transparent  to 
light,  and  can  be  seen  through ;  so  that 
men  living  upon  the  solid  surface  of  the 
earth  can  look  out  through  its  entire 
thickness,  and  observe  the  bright  lumi- 
naries of  external  space,  the  sun,  moon, 
and  stars,  shining  in  the  outer  regions 
beyond,  and  so  that  the  light  of  those 
luminaries,  and  above  all  the  sunshine, 
can  come  in  through  it  to  the  solid 
ground  where  men  dwell. 

The  air  is  so  light  and  thin,  even  at  its 
lower  part  near  to  the  ground,  where  it  is 
most  pressed  down,  that  it  is  eight  hun- 
dred and  forty  times  lighter  than  water, 
bulk  for  bulk.  A  half-pint  bottle  does 
not  hold  quite  five  and  a  half  grains' 
weight  of  its  light,  thin,  and  invisible 
substance,    although    the     same     bottle 
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would   hold   something  more   than  four 
thousand  grains  of  water. 

Air  is,  however,  reduced  into  smaller 
space,  and  so  made  heavier,  by  cold,  as 
well  as  by  direct  mechanical  pressure. 
This  peculiarity  it  shares  equally  with 
all  other  material  bodies.  All  material 
substances  that  are  known  upon  the 
earth  are  expanded  into  larger  bulk  by 
increase  of  heat,  and  contracted  into 
smaller  bulk  by  the  removal  of  that  heat, 
and  the  return  of  cold.  But  the  air,  it 
must  be  understood,  can  only  obey  this 
great  natural  law  when  it  is  in  an  un- 
enclosed space.  Thus  a  square  open  box, 
four  inches  broad  and  five  inches  high, 
and  with,  therefore,  an  inside  measure 
of  a  hundred  cubic  inches  of  space,  would 
contain  just  thirty-one  grains,  by  weight, 
of  air,  at  the  ordinary  warmth  of  a  tem- 
perate day.  Now  if,  under  such  circum- 
stances, this  air  were  made  colder,  it 
would  shrink  in  bulk,  and  more  air  would 
flow  in  from  the  outside  over  the  top 
edge  of  the  box,  so  that  more  than 
thirty- one  grains'  weight  of  air  would 
be  contained  in  the  hundred  cubic  inches 
of  space.  If,  on  the  other  hand,  the  air 
were   made  hotter  instead  of  colder,  it 
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would  expand  in  bulk ;  some  would  flow 
out  over  the  top  of  the  box,  and  there 
would  be  less  than  thirty-one  grains  of 
air  contained  in  the  interior.  In  the  first 
case,  the  air  would  be  made  heavier,  bulk 
for  bulk,  exactly  as  would  have  happened 
if  it  had  been  mechanically  squeezed  in. 
In  the  second  case,  it  would  be  made 
lighter,  exactly  as  it  would  if  some  of  the 
squeezing,  or  compression,  had  been  taken 
away. 

If,  however,  when  the  thirty-one  grains 
of  air  have  been  put  into  the  box,  a  hard, 
unyielding  lid  is  fitted  on,  and  closely 
fastened  down,  so  that  the  box  is  air- 
tight, heat  and  cold  will  afterwards 
neither  expand  nor  contract  the  air 
that  is  shut  up  in  the  inside  ;  because 
then  the  mere  outward  struggle,  or  leap, 
of  the  little  particles,  which  forms  what 
is  termed  the  "  elasticity  "  of  the  air,  will 
keep  the  air-substance  filling  up  the  in- 
side of  the  box,  and  pressing  against  its 
sides,  however  hot  or  cold  it  may  be 
made.  This  it  is,  indeed,  that  marks 
the  difference  between  a  liquid  and  an 
air,  or  "gas."  A  liquid  cannot  be  much 
squeezed  in  by  mechanical  force,  but  it 
can  increase  and  diminish  in  bulk  in  a 


FAIE  WEATHEE  AND  FOUL.      281 

closed  vessel,  from  the  influence  of  heat 
and  cold.  An  air,  or  gas,  can  be  very 
much  squeezed  in  by  mechanical  pres- 
sure, but  cannot  increase  and  diminish 
in  bulk,  from  the  action  of  heat  and  cold, 
in  a  closed  vessel,  although  it  does  so  in 
an  open  one,  where  varying  pressure  takes 
effect  as  well  as  temperature. 


II. 

FAIE  WEATHEE   AND    FOUL. 

The  transparent  and  invisible  air-garment 
of  the  earth  is  concerned  in  the  mainte- 
nance of  the  manifold  operations  which, 
in  the  main,  constitute  life.  It  seems, 
indeed,  to  have  been  primarily  planned 
and  provided  for  that  very  important  pur- 
pose, But  it  has  now  to  be  shown  that 
it  is  also  further  the  means  by  which  the 
changes  of  "  the  weather,"  which  are 
likewise  essential  to  the  support  of  living 
organization  as  it  exists  upon  the  earth, 
are  produced. 

The  familiar  word  "weather"  was  used 
by  our  ancestors  a  thousand  years  ago,  in 
nearly  the  same  form,  and  in  exactly  the 
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same  sense,  as  at  the  present  day.  It 
simply  means  the  condition  of  the  air, 
as  to  warmth,  moisture,  clearness,  and 
movement,  at  distinct  stations  on  the 
earth,  where  there  are  living  creatures 
to  notice  these  states. 

At  each  different  station,  or  place, 
upon  the  earth  there  are  great  changes 
in  these  conditions  from  day  to  day.  At 
one  time,  the  people  who  dwell  in  any 
hamlet,  or  town,  have  bright  sunshine 
around  them,  and  are  comfortable  and 
warm ;  at  another  time  their  sky  is 
covered  with  clouds,  and  they  feel  chilly 
and  cold.  At  one  time  it  is  blustering 
and  windy  in  the  open  air  out  of  doors  ; 
and  at  another  time  there  is  no  wind 
blowing  that  can  be  felt.  At  one  time 
the  roads  are  dusty  and  the  atmosphere 
is  dry  ;  at  another  it  is  pouring  with 
rain,  and  the  dust  is  turned  into  mud. 
It  is  these  several  changes  from  heat  to 
cold,  from  sunshine  to  cloud,  from  gentle 
breezes  to  strong  winds,  from  clear,  dry 
air  to  mist  and  rain,  and  the  reverse,  that 
constitute  the  varying  conditions  which 
are  called  "the  state  of  the  weather," 
and  which  make  good  weather  or  bad, 
fair  weather  or  foul. 


But  in  all  these  "  changes  of  weather," 
it  is  the  unseen  and  readily  flowing  air, — 
that  earth-garment  of  loosely  scattered 
particles, — which  produces  the  effects  that 
are  experienced.  It  is  undoubtedly  true 
that  all  the  warmth  which  is  felt  upon 
the  earth  comes  in  the  first  instance  out 
of  the  sunshine.  But,  on  the  other  hand, 
everybody  knows  that  often,  when  the 
sun  is  shining  brightly,  it  is  very  cold, 
and  that  often,  when  there  is  no  sunshine 
at  all,  it  is  sultry  and  warm.  This  is  due 
to  the  fact  that,  so  far  as  weather  is  con- 
cerned,  the  "wind"  is  of  more  immediate 
consequence  than  the  "  sunshine.' '  When 
a  warm  wind  is  blowing,  the  weather  is 
pleasant  and  mild ;  and  when  a  cold  wind 
is  blowing,  it  is  uncomfortable  and  chill. 
But  the  wind  is  nothing  else  than  moving 
air.  The  "  air,"  therefore,  is  the  thing 
which  is  really  at  the  bottom  of  the 
matter. 


III. 


a 


The  word  "wind"  is  taken  from  an  old 
Anglo-Saxon  word,  also  used  by  our  fore- 
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fathers,  which  meant  "  to  breathe "  or 
"  to  blow."  The  wrind  is  merely  moving 
or  " blowing"  air,  whose  small  unseen 
particles  are  rushing  along  in  streams, 
which  can  be  felt  when  they  strike 
against  the  skin,  and  which  produce 
mechanical  effects  when  they  come  into 
contact  with  opposing  objects. 

The  still  air  is  changed  into  moving 
"  wind  "  simply  because  it  is  denser  and 
heavier  at  one  place  than  at  another. 
"When  a  mass  of  heavj^,  dense  air  is 
surrounded  by  lighter  and  thinner  air- 
substance,  it  immediately  begins,  by  the 
mere  force  of  its  weight,  to  press  itself 
downwards  and  sideways  into  the  place 
of  the  lighter  material,  and  to  drive  that 
before  it,  out  of  its  way.  There  is  thus 
always  wind  blowing  along  the  surface  of 
the  earth  from  places  where  the  air  is 
heavy,  to  places  where  it  is  light :  this 
essentially  is  the  cause  of  the  wind; — 
heavy  air  presses  and  chases  light  air 
out  of  its  way  ;  and  the  force  of  the  wind 
is  virtually  due  to  the  difference  of  the 
weight  in  the  case  of  the  heavy  and  of 
the  light  air.  "When  there  is  but  little 
difference,  the  heavier  air  steals  gently 
along ;   but  when  the   difference  is  very 
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great,  it  rushes  along  with  the  almost 
resistless  impetuosity  of  the  hurricane. 

But  the  wind,  when  it  gains  force  in 
this  way,  eddies  round  as  it  goes — like 
the  whirlpools  formed  in  rushing  water — 
on  account  of  the  struggle  which  takes 
place  between  the  opposing  forces, — that 
is,  between  the  great  pressure  of  the 
heavy  air  which  is  driving  out  the  light, 
and  the  resistance  of  the  light  air  which 
is  ineffectually  striving  to  maintain  its 
position.  This  whirling  motion  is  also 
favoured  by  the  diurnal  roll  of  the  mighty 
earth,  which,  as  it  spins  round  upon 
itself,  has  a  tendency  to  leave  its  thin 
air-garment  streaming  out  behind,  as  the 
solid  ground  glides  along  under  it  in 
its  never-ceasing  progress.  The  general 
movement  of  the  wind,  from  these  and 
some  other  like  causes  which  there  is 
not  room  here  to  speak  of  in  detail,  is  in 
curved  lines  instead  of  in  straight  ones. 
But  these  curving  whirlpools  of  air, 
or  "  whirlwinds, "  are  very  much  more 
marked  in  strong  winds  than  they  are 
in  light  ones. 

As  air  is  made  heavier  by  cold  and 
lighter  by  heat,  and  as  heavy  cold  air 
pushes  light  warm  air  out  of  its  way,  as 
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it  settles  down  as  close  to  the  ground  as 
it  can  get,  it  follows  that  cold  wind  is 
continually  found  blowing  along,  upon 
the  earth's  surface,  towards  places  that 
are  at  the  time  occupied  by  warmer  air ; 
and  that  at  any  given  spot  the  weather 
is  cold  so  long  as  it  is  a  current  of  chill 
wind  that  is  passing  across  it,  but  warm 
when  the  wind  that  is  passing  is  the  light 
air  being  driven  out  of  the  way  before  the 
heavier  blast  pressing  in  upon  it. 

When  the  wind  blows  along  over  the 
ground  with  a  speed  of  from  two  to  three 
miles  an  hour,  the  movement  is  so  gentle 
that  it  cannot  be  felt,  and  the  air  is  then 
said  to  be  still  or  "  calm."  A  pleasant 
breeze  moves  with  a  speed  of  from  fifteen 
to  eighteen  miles  an  hour ;  a  strong  breeze 
travels  from  thirty  to  thirty-five  miles, 
and  a  strong  gale  from  fifty  to  fifty-five 
miles  an  hour.  Storms  and  hurricanes 
rush  along  over  the  surface  of  the  earth 
with  a  velocity  of  from  seventy-five  to  a 
hundred  miles  an  hour. 
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IV. 

THE    HEATING   POWER    OF    THE    SUNSHINE. 

It  is  the  sunshine  that  warms  the  air 
and  makes  it  light,  so  that  it  can  be 
pushed  out  of  the  way  by  the  heavier 
and  colder  masses  that  are  not  so  much 
warmed.  But  this  warming  is,  so  to 
speak,  done  in  a  roundabout  and  not  in 
a  direct  way.  The  sunshine  does  not 
heat  the  air  when  it  falls  upon  it,  as  it 
heats  a  hand  that  is  spread  out  before  it. 
The  sunshine  passes  through  the  trans- 
parent substance  of  the  air  almost  without 
warming  the  little  particles  that  lie  in  its 
course.  But  it  warms  the  solid  substance 
of  the  ground  and  the  water  of  the  sea 
after  it  has  passed  through  the  transparent 
air ;  and  then  the  little  particles  of  the 
air  that  come  into  close  contact  with  the 
warm  ground  and  sea  are  heated  from 
them.  Every  particle  that  is  close  to 
the  ground,  or  the  sea,  first  becomes 
warm  by  touching  it,  and  then  moves 
away,  with  its  warmth,  to  allow  other 
particles  to  come  into  its  place,  and  get 
heated  in  their  turn.  The  air  thus 
catches   up   and  carries    away  from   the 
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sun-heated  ground  and  sea  the  warmth, 
which  it  acquires :  this  is  called  getting 
the  heat  by  carrying,  or  by  "  convection, " 
which  is  only  another  word  for  the  same 
process.  That  the  air  does  not  get  heated 
by  the  direct  influence  of  the  sunshine, 
which  falls  upon  and  passes  through  it, 
is  very  remarkably  shown  on  the  top  of 
high  mountains.  When  the  sun  shines 
in  such  lofty  and  exposed  situations 
strongly  enough  to  scorch  and  even 
blister  the  skin  of  the  face,  the  thin 
air,  which  the  sunshine  passes  through 
to  get  to  the  face,  still  keeps  as  cold  as 
the  coldest  ice  and  snow.  The  fact  is, 
the  thin  air  is  as  if  "  transparent"  or 
pervious , — to  the  warmth,  as  well  as  to  the 
brightness,  of  the  sunshine.  Both  warmth 
and  light  pass  through  amidst  its  minute 
particles  without  stopping  amongst  them. 


V. 

THE    MOISTURE    OF    THE    AIR. 

Water  is  capable  of  existing  in  a  thin, 
invisible  state,  as  wrell  as  air.  Steam, 
when  it   comes   out   of  the   spout   of  a 
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boiling  kettle,  is  water  in  this  thin  and 
invisible  condition.  Its  little  particles, 
which,  like  those  of  air,  are  in  themselves 
too  small  to  be  seen,  are  then  widely 
scattered  apart,  and  in  that  separated 
state  are  easily  packed  away  in  the  clear 
intervals  that  lie  between  the  loosely 
spread  particles  of  the  air.  In  that  un- 
seen condition  of  loosened  out  and  widely 
spread  substance,  the  water  is  conve- 
niently and  expressively  spoken  of  as 
■"  invisible  vapour." 

But  when  steam  comes  out  of  the  spout 
of  a  boiling  kettle  it  may  be  seen  to  turn 
into  a  stream  of  white,  cloud- like  mist 
after  it  gets  a  little  distance  away  from 
the  spout.  This  is  because  the  hot  steam 
there  begins  to  be  chilled  as  it  is  mixed 
with  the  colder  air.  The  white  mist 
which  appears  is,  indeed,  water  gathering 
back  from  the  state  of  invisible  vapour, 
in  which  it  cannot  be  seen,  into  the  denser 
form  of  liquid  droplets,  in  which  it  is  per- 
ceptible to  the  eye.  As  a  matter  of  fact, 
however,  it  has  been  ingeniously  arranged 
that  warm  air  can  carry  a  much  larger 
burthen  of  "  invisible  vapour"  stored 
away  amidst  its  own  scattered  particles 
than  cold  air  can.     "When  warm  air  has 

19 
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got  the  full  load  of  invisible  vapour  which 
it  can  accommodate,  the  invisible  vapour 
is  immediately  turned  into  visible  mist 
or  cloud  upon  the  air  losing  some  part 
of  its  heat,  or,  in  other  words,  getting 
cooled. 

But  vapour  is  rising  at  all  times  in  the 
thinly  scattered,  invisible  state  from  the 
surface  of  water ;  more  abundantly  when 
the  water  is  warm,  and  less  plentifully 
when  it  is  cold.  As  warm  air  blows  along 
over  the  surface  of  the  sea,  or  of  damp 
ground,  it  drinks  up  continually  more  and 
more  vapour  into  the  spaces  that  lie  be- 
tween its  own  little  particles,  until  it  has 
stored  in  that  way  as  much  as  it  can  con- 
veniently hold.  If  the  warm  air  then 
moves  on  with  its  load  into  a  colder  place, 
some  part  of  the  invisible  store  imme- 
diately begins  to  be  turned  by  the  chill 
into  visible  mist,  and  to  float  in  that  state 
as  gathering  streaks  and  films  of  liquid 
water,  until  these  at  last  become  too 
heavy  to  float  any  longer  in  that  filmy 
state  in  the  thin  substance  of  the  air, 
and  then  they  fall  to  the  earth  as  actual 
rain-drops.  The  clouds  and  the  rain 
are  thus  formed  by  warm  air  taking  up 
into  itself,  from  moist  places,  abundant, 
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although  unseen,  supplies  of  water,  and 
then  throwing  down  those  hidden  stores 
after  they  have  been  carried  by  the  wind- 
currents  to  colder  places.  When  the 
drifting  wind  moves  along  over  dry,  warm 
ground,  the  air  becomes  clear  and  dry  ; 
but  when  the  wind  moves  over  a  moist, 
warm  sea,  and  then  afterwards  blows  upon 
colder  land,  it  brings  with  it  to  that  land 
condensing  clouds  and  falling  showers. 


VI. 

CLOUDS,    RAIN,    AND    STORMS. 


<j 


Clouds  frequently  form  in  the  high  regions 
of  air  that  is  not  very  moist,  because  in 
those  high  situations  the  air  gets  so  cold 
that  it  cannot  sustain  even  a  small  load 
of  invisible  vapour.  Such  vapour  is  then, 
however,  frozen  out  in  the  form  of  fine 
white  wisps  much  curled  at  the  ends, 
or  of  obliquely  crossing  streaks,  which, 
under  such  circumstances,  are  termed 
"  curl-clouds  "  and  "  thread-clouds." 
These  are  both,  in  reality,  made  up  of 
little  floating  spikelets,  or  needles,  of  ice. 
Such  light  and  high  "  ice-clouds  "  belong 
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essentially  to  periods  of  fine  and  dry 
weather. 

But  when  moist  and  warm  air  becomes 
chilled  throughout  its  substance,  either 
from  being  largely  mingled  with  colder 
air,  or  from  being  driven  in  upon  colder 
places,  such  as  hill-tops,  the  visible  vapour 
appears  in  a  broad  sheet,  which  stretches 
across  the  entire  face  of  the  sky.  In  this 
form  the  misty  deposit  is  termed  the 
"  sheet-cloud,"  until  the  rain-drops  begin 
to  descend  from  it  upon  the  earth,  when 
it  is  called  the  "  rain-cloud."  There  are, 
however,  two  quite  distinct  kinds  of 
"  sheet-cloud,"  of  which  one  is  due  to 
the  "  ice-clouds  "  gathering  more  thickly 
above  in  the  higher  region  of  the  air, 
whilst  the  other  is  formed  by  the  watery 
vapour  collecting  rapidly  into  dense  beds 
of  visible  mist  in  the  lower  regions.  The 
upper  "  sheet- cloud  "  very  commonly  ap- 
pears some  considerable  time  before  rain 
begins  actually  to  fall. 

As  rain  passes  away,  the  "  sheet- cloud  " 
or  "  rain- cloud  "  breaks  up  into  small 
scattered  fragments,  which  have  flat 
bottoms,  with  piled-up  and  often  fringed 
and  streaky  tops,  and  which  are  driven 
along  in  the  wind.     These  broken  masses 


CLOUDS,  KAIN,  AND  STOKMS.     293 

of    cloud-drift    are    called    properly  the 
"  wind-cloud." 

The  very  beautiful  masses  of  thickly 
piled,  white  vapour,  which  look  like  the 
broken-off  tops  of  snow  mountains  as 
they  float  along  in  the  otherwise  blue  sky, 
are  called  "  heap-clouds  "  and  "  mount- 
clouds."  They  are  nature's  store-reservoirs 
of  visible  vapour,  being  carried  by  the 
wind  from  the  places  where  these  stores 
have  been  formed,  to  the  places  where 
they  are  about  to  be  thrown  down  upon 
the  earth  as  refreshing  and  fertilizing 
rain. 

When  the  high  "  frost-clouds  "  descend 
into  lower  and  warmer  regions  of  the  air, 
the  sharp  points  and  angles  of  their  ice- 
streaks  get  gradually  melted  away  by  the 
increasing  warmth,  until  the  cloud  takes 
the  form  of  round  separate  spots,  often 
shaped  like  flocks  of  white,  carded  cotton 
wool.  These  mottlings  of  the  sky  are 
then  termed  the  "  curdled-cloud." 

If  lightning  and  thunder  occur  in  con- 
nection with  rain,  this  is  generally  due  to 
a  mass  of  warm  and  very  moist  air  being 
suddenly  cooled,  so  that  a  copious  deposit 
of  water-drops  is  thrown  down  upon  th« 
ground.     Some  of  the  natural  force  which 
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had  been  previously  employed  in  keeping 
the  water  spread  out  in  the  air  in  its  in- 
visible, vaporous  state,  is  then,  for  brief 
instants,  set  free  as  visible  lines  of  electric 
fire.  The  thunder  is  simply  the  sound 
produced  by  the  concussion  and  commo- 
tion of  the  air-particles,  during  the  pas- 
sage of  the  electric  discharge  under  these 
circumstances. 


VII. 

THE    WEATHEB   AND    CLIMATE    OF   ENGLAND. 

The  greatest  heat  of  the  sunshine  falls 
upon  a  broad  belt  of  the  earth  which  is 
midway  between  the  opposite  poles  of  its 
spinning  movement.  In  that  broad  belt, 
which  is  called  the  "  Torrid  "  or  burning 
Zone,  the  sun  shines  most  directly  down 
upon  the  ground  and  sea  of  the  revolving, 
or  rotating  globe  ;  and  it  does  so,  in  that 
position,  day  after  day,  without  any  change 
of  season  from  summer  to  winter.  In  the 
torrid  region  of  the  earth  there  is  no 
winter :  it  is  there  summer  all  the  year 
round.  The  solid  ground,  in  those  burn- 
ing parts,  gets  hotter  during  the  day  and 
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cooler  during  the  night ;  but  the  sea 
drinks  in  the  heat  of  the  sunshine  by 
day,  without  giving  back  any  important 
part  of  it  at  night,  and  so  becomes  equally 
warm  by  night  and  by  day.  Thus  in  the 
hottest  parts  of  the  earth,  the  water  of 
the  sea  gets  a  steady  and  never-varying 
temperature  of  about  86°  of  Fahrenheit's 
thermometer.  Such  at  all  times  is  the 
warmth  of  the  water  in  the  middle  of 
the  Atlantic  Ocean. 

For  certain  reasons  which  there  is 
not  room  here  to  explain,  the  sun-heated 
water  from  the  middle  of  the  Atlantic 
Ocean  drifts  in  one  vast  current  up  to- 
wards the  sea-coast  of  Europe,  and  towards 
the  British  Isles.  It  keeps  giving  off  its 
heat,  and  gets  colder  and  colder,  as  it  does 
this.  But  it  can  only  give  the  heat  which 
it  thus  loses  to  one  thing ;  it  must  give 
it  all  to  the  soft  garment  of  air  which 
rests  directly  above  the  surface  of  the 
sea.  As  the  water  of  the  ocean  becomes 
colder  and  colder,  the  air  over  the  ocean 
gets  warmer  and  warmer  by  taking  in  the 
warmth  which  the  sea  gives  off.  If,  then, 
this  air  blows  on  towards  land  as  wind, 
it  reaches  that  land  at  last  as  a  soft,  warm 
air-current.     The  south-west  wind  in  Eng- 
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land,  which  comes  in  this  way  over  the 
warm,  sun-heated  water  of  the  Atlantic, 
is  therefore  a  warm  wind.  It  is  also  a 
moist  wind,  and  brings  abundance  of  rain, 
because  as  it  comes  along  it  drinks  up 
more  and  more  water  from  the  ocean  in 
the  state  of  invisible  vapour,  as  well  as 
heat ;  and  then,  when  it  is  afterwards 
chilled  by  the  land,  it  again  throws  this 
water  down  as  clouds  and  rain. 

The  north-east  wind  in  England,  on 
the  other  hand,  comes  blowing  from  over 
the  cold,  dry  land  of  the  northern  parts 
of  Europe.  It  consequently  brings  with 
it  coldness  and  dryness  ;  clear  skies,  and 
little  rain.  This,  however,  varies  very 
much  at  different  seasons  of  the  year, 
because  the  land  does  not  ever  get 
wTarmed  to  a  steady,  even,  degree  of  heat, 
as  the  sea  does.  The  north-east  wind 
gradually  loses  its  extreme  coldness  in 
the  advancing  summer,  because  the  land 
which  it  blows  across  is  then  much  more 
warmed  by  the  sunshine. 

No  one  will  be  surprised  that  the  direc- 
tion of  the  wind  has  so  very  much  to  do 
with  the  weather,  if  it  be  only  remembered 
how  far  this  wind  can  come  in  even  a 
short  period   of  time.      A  fresh  breeze 
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moving  at  the  rate  of  some  twenty  miles 
an  hour,  if  it  blow  steadily  on,  can  travel 
to  England  from  the  warm  sea  of  the 
torrid  zone  in  a  week  or  ten  days.  A 
strong  gale  or  hurricane  can  do  the  same 
thing  in  a  considerably  shorter  period. 

In  most  places  of  the  earth,  and  very 
markedly  in  England,  the  wind  blows 
from  opposite  quarters  by  alternate  fits, — 
now  for  a  few  days  from  the  wrarm  and 
moist  south-west,  and  now  for  a  few  days 
from  the  cold  and  dry  north-east.  There 
is  some  ruling  cause  at  work,  but  im- 
perfectly understood  as  yet,  which  pro- 
vides for  this  frequent  reversal  of  the 
air-current.  The  result,  however,  is  that 
useful  and  beneficial  variety  of  weather 
which  at  one  time  cools  the  air  with 
clouds  and  waters  the  thirsty  earth  with 
showers,  and  at  another  time  makes  the 
plants  grow  through  the  genial  influence 
of  unclouded  sunshine.  One  means, 
however,  by  which  this  advantageous 
result  is  arranged  undoubtedly  is  the 
constant  shifting  about  upon  the  earth 
of  the  heavy  and  light  tracts  of  the  air. 
These  centres  of  greatest  and  least 
weight  are  not  immovably  fixed  over 
particular  regions  of  the  land   and  sea. 
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The  atmospheric  areas  of  high  pressure 
and  of  low  pressure,  as  they  are  termed, 
are  for  ever  drifting,  within  certain  limits, 
from  place  to  place,  whirling  and  curving 
round  as  they  go,  now  this  way,  now  that, 
and  changing  continually  the  set,  or  direc- 
tion, of  the  wind-current,  for  any  given 
and  fixed  locality.  The  winds  that  occa- 
sionally blow  in  England  from  other 
quarters  than  the  north-east  and  south- 
west are  to  be  referred  to  this  cause,  and 
to  the  fact  that  the  moving  wind  eddies 
round  in  air- whirlpools,  instead  of  blow- 
ing in  straight  lines. 

The  summer  and  winter,  or  seasons  of 
extreme  heat  and  greatest  cold,  in  all 
temperate  regions  of  the  earth  are  due  to 
the  varying  power  of  the  sunshine  upon 
the  ground  at  opposite  periods  of  the 
year.  Thus  in  England,  when  the  day 
is  long,  and  when  the  sun  shines  fiercely 
down  from  a  high  altitude  upon  it,  and 
upon  a  large  extent  around,  and  con- 
tinuously for  several  hours  at  a  time,  the 
ground  and  all  solid  objects  upon  it  get 
more  and  more  warm,  and  the  air  which 
is  heated  by  them  is  at  that  time  con- 
sequently genial  and  soft,  from  whatever 
direction  the  wind  may  blow;   more  so, 
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indeed,  when  it  comes  in  from  the  neigh- 
bouring land  than  when  it  arrives  from 
the  sea.  But  when  the  day  is  short,  and 
the  sun  shines  feebly  and  slantingly  from 
a  low  altitude,  for  a  very  few  hours  at 
most,  the  ground  gets  colder  and  colder, 
and  the  wind  is  only  warmed  if  it  has 
been  blowing  over  the  southern  and 
western  sea.  It  fortunately  happens  in 
England  that  in  winter  time  the  wind 
does  blow  in  from  the  warm  sea  more 
often  than  from  the  opposite  quarters, 
and  on  this  account  the  winters  in  ■  Eng- 
land are  very  much  more  mild  than  they 
are  in  many  other  parts  of  the  earth  situ- 
ated at  about  the  same  distance  from  the 
regions  of  torrid  heat.  The  winters  of 
England  are  softened  by  a  sort  of  hot 
water  apparatus  provided  and  worked  by 
the  sunshine.  Extreme  cold  and  frost 
and  snow  are  only  experienced  in  English 
winters,  when  a  strong  wind  blows  in,  for 
a  long  period  at  a  time,  from  the  colder 
regions  that  then  lie  towards  the  north 
and  the  east. 

Frost  and  snow  only  occur  when  these 
cold  winds  have  been  blowing  in  long 
enough  to  chill  the  whole  mass  of  the 
air,  which  is  drifting  along  in  immediate 
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contact  with  the  ground,  down  below  the 
temperature  at  which  water  is  fixed  into 
solid  ice.  Snow  appears  when  the  vapour 
of  the  air  is  chilled  out  of  it  in  the  form 
of  little  entangled  needles  of  ice,  grouped 
together  as  "  flakes,"  instead  of  in  the 
form  of  rain- drops. 


VIII. 

THE    THEEMOMETEE   AND    BAEOMETEE. 

The  "  Thermometer, "  or  instrument  con- 
structed for  measuring  heat,  at  once 
shows  the  change  of  the  temperature  of 
the  air,  according  as  the  wind  blows 
from  warm  or  from  cold  portions  of  the 
earth.  The  thermometer  which  is  most 
used  in  England,  and  which  is  known  as 
Fahrenheit's,  has  its  scale  so  arranged 
that  the  quicksilver,  or  coloured  spirit, 
stands  at  32c  when  it  is  surrounded 
by  water  just  freezing  into  ice  or  snow ; 
and  at  212°  when  the  water  is  on  the 
point  of  boiling,  or  just  passing  into 
steam.  The  intervening  space  is  di- 
vided on  the  scale  into  a  hundred  and 
eighty  equal  parts,  grades,  or  degrees,  of 
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which  the  55th  degree  indicates  the  heat 
at  which  air  is  "  temperate,"  or  neither 
very  hot  nor  very  cold,  and  the  76th 
degree  the  ordinary  warmth  of  a  pleasant 
summer.  The  natural  heat  of  the  human 
body,  according  to  the  scale  of  this  ther- 
mometer, is  98°.  The  greatest  heat  of  the 
air,  in  such  fiercely  hot  climates  as  that 
of  India,  is  140°. 

In  the  "  Barometer,"  which  measures 
the  weight  or  "  pressure  "  of  the  air,  the 
quicksilver  rises  higher  in  the  long  air- 
emptied  glass  tube,  when  it  is  pressed  up 
by  a  heavier  atmosphere  acting  in  the 
opposite  direction  upon  the  outer  quick- 
silver-surface in  the  cistern  below,  and 
falls  in  the  tube  when  the  pressure  of  the 
atmosphere  upon  the  outer  surface  of  the 
cistern  is  less.  The  quicksilver  of  the 
barometer  is  thus  falling,  as  a  general 
rule,  when  a  warm,  light  wind  is  blowing 
in,  and  it  is  rising  when  the  wind  is 
heavy,  and  comes  from  a  cold  direction. 
A  falling  barometer  commonly  foretells 
rain,  because  a  warm,  moist  air  is  at  the 
time  coming  into  a  colder  place,  ready 
to  have  its  moisture  chilled  out  of  it.  A 
rising  barometer,  on  the  other  hand,  is  a 
sign  of  dry  weather,  because  an  inflow  of 
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a  cold,  dry  wind  accompanies  and  is  the 
immediate  cause  of  the  rise.  If  the  fall 
of  the  quicksilver  be  very  rapid,  as  well 
as  very  great,  there  is  sure  to  be  strong 
wind  as  well  as  falling  rain.  A  slowly 
but  continually  rising  barometer  is,  on 
the  other  hand,  an  equally  reliable 
promise  of  line,  dry  weather ;  because 
its  movement  is  due  to  the  inflow  of  a 
gentle,  dry  wind,  prepared  to  drink  up, 
rather  than  to  deposit,  moisture. 

A  low,  or  falling  thermometer,  with 
a  rising  barometer,  in  England,  thus 
generally  indicates  the  presence  of  a 
cool,  dry  wind  coming  in  from  the  conti- 
nental land ;  whilst  a  high  or  rising 
thermometer,  with  a  falling  barometer, 
accompanies  a  warm,  moist  wind  coming 
in  from  the  south-western  sea,  with  a 
copious  burthen  of  vapour  and  rain.  A 
rising  barometer,  for  the  most  part,  means 
dry  weather,  or  lessening  wind  from  the 
east,  north-east,  north,  or  north-east.  A 
falling  barometer,  on  the  other  hand, 
means  wet  weather,  or  increasing  wind, 
blowing  from  the  west,  south-west,  south, 
or  south-east.  But  the  barometer  some- 
times rises  with  rain  from  the  north-east. 
In  all  circumstances,  however,  it  must  be 


THE    THEEMOMETEE   AND    BAEOMETEE.       303 

understood  that  it  is  the  change  of  the 
barometer  from  low  to  high,  or  from  high 
to  low,  and  not  the  actual  height,  or 
lowness,  at  which  the  column  of  mercury 
stands,  that  furnishes  information  as  to 
the  kind  of  weather  which  may  be  looked 
for.  A  high  barometer  falling  rapidly 
gives  a  much  stronger  promise  of  wind 
and  rain  than  a  low  barometer  standing 
still. 


ASTEOHOMY. 

BY    RICHARD    A.    PROCTER, 

Author  of  "  Light  Science  for  Leisure  Hours"  "  Other  Worlds 
than  Ours"  "  The  Sun"  etc. 


FIRST  IDEAS. 

This  world  on  which  we  live  seems  like  a 
wide  flat  place,  land  in  some  parts,  sea  in 
others.  It  seems  also  quite  fixed  and 
still.  Yet  the  earth  is  really  not  flat,  but 
a  great  ball.  It  is  not  fixed,  but  spins 
like  an  immense  top.  It  does  not  keep 
always  in  one  place,  but  goes  round  and 
round  the  sun. 

We  know  the  earth  is  a  ball  because  we 
can  go  over  nearly  every  part  of  it  and 
see  stars  all  round  it.  They  are  there 
even  in  the  daytime,  though  we  cannot 
then  see  them.  They  lie  on  every  side  of 
the  earth,  just  as  the  sides  and  floor  and 
ceiling  of  a  room  lie  on  every  side  of  a 
ball  hanging  in  the  midst  of  the  room. 

20 
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We  know  the  earth  turns  round  once  a 
day  like  a  great  top,  because  we  see  the 
great  vault  of  the  sky  with  all  its  stars 
and  the  sun  and  the  moon  carried  round 
once  a  day.  Men  used  once  to  think  that 
it  was  the  sky  which  really  turned  and 
that  the  earth  stood  still;  but  we  know 
now  that  the  sun  and  many  of  the  stars 
are  very  much  larger  than  the  earth,  and 
do  not  go  round  it.  They  only  seem  to 
do  so  because  the  earth  turns  round,  just 
as  houses  and  trees  seem  to  go  round  you 
if  you  sit  in  a  turning  swing. 

We  know  that  the  earth  goes  round  the 
sun  once  in  a  year  in  the  same  way.  The 
sun  seems  to  go  round  the  star-strewn  hea- 
vens once  in  a  year.  But  we  now  know 
that  he  is  much  larger  than  the  earth. 
The  earth  really  goes  round  the  sun  once 
in  a  year,  not  the  sun  round  the  earth. 

Nearly  all  the  stars  keep  always  in  the 
same  place  upon  the  great  turning  vault 
of  the  heavens  ;  but  a  few  are  seen  to 
move  about.  The  moon  is  one  body  of 
this  kind;  she  goes  round  the  star-vault 
once  in  about  twenty-nine  days,  moving 
from  west  to  east,  as  you  can  easily  find 
by  looking  at  the  moon  on  two  or  three 
nights,  or  even  two  or  three  times  in  the 
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course  of  the  same  night.  You  will  see  that 
while  she  is  carried  round  from  east  to 
west  with  the  great  turning  star-vault, 
she  moves  on  that  vault,  or  among  the 
stars,  from  west  to  east.  You  may  com- 
pare her  motion  with  that  of  a  fly  walking 
round  a  glohe  one  way  while  the  globe  is 
being  turned  more  quickly  the  other. 

The  morning  and  evening  star,  which 
is  called  Venus,  is  another  body  which 
moves  among  the  stars ;  and  there  are 
four  or  five  more.  These  go  round  the 
star-vault,  but  not  like  the  moon,  always 
in  one  way  ;  sometimes  they  go  forwards, 
or  the  same  way  as  the  moon,  then  stop 
and  go  a  little  way  backwards,  then  stop 
and  go  forwards  again  a  greater  distance, 
so  that  in  the  long  run  they  go  round  the 
same  way  as  the  moon. 

These  movements  were  found  very  per- 
plexing when  the  earth  was  thought  to  be 
the  centre  of  the  whole  world.  But  it  is 
now  seen  that  the  real  movements  are 
simple  enough.  It  is  our  own  motion 
round  the  sun  which  makes  these  motions 
seem  so  strange.  If  we  could  look  at 
Venus  and  the  other  moving  stars  from  the 
sun,  we  should  find  each  of  them  moving 
always  one  way  round,  and   each  in  its 
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own  proper  period.  The  moon  alone  goes 
round  the  earth ;  the  other  moving  bodies 
go  round  the  sun,  as  our  earth  also  does 
with  her  companion  the  moon. 

We  will  now  consider  the  family  of 
worlds  to  which  our  earth  belongs,  be- 
ginning with  the  sun,  the  great  central 
body  round  which  they  all  travel. 


THE    SUN. 

The  sun  is  a  great  globe ;  he  lies  at  a 
distance  of  about  ninety-two  millions  of 
miles  from  us.  It  would  take  more  than 
twelve  hundred  thousand  globes  like  our 
earth  to  make  one  as  large  as  the  sun. 
His  size  is  shown  in  fig.  1,  where  E  is 
the  earth,  with  the  moon  beside  her,  and 
the  other  black  dots  are  the  other  bodies 
which  like  our  earth  go  round  the  sun. 
They  are  drawn  black  on  the  white  body 
of  the  sun,  first  to  show  they  have  no 
light  of  their  own,  and  next  to  show  how 
much  smaller  they  are  than  L^  is.  The 
sun  has  about  340,000  timEJl*as  much 
matter  as  the  earth.  His  heat  is  so  great 
that  15,000  times  all  the  coal  on  this 
earth  would  have    to   be   burned    every 
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second  to  give  out  as  much  heat  as  the 
sun    does.      He   is    so   bright    that    the 


Fi£  1 


brightest    light   looks   like   a  black  spot 
against  the  glowing  face  of  the  sun. 

When  the  sun  is  looked  at  through  a 
telescope,   spots   are   often   seen    on  his 
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face.  They  are  darkest  in  the  middle  ; 
and  it  is  thought  they  are  great  openings 
in  the  bright  matter  which  forms  his 
surface.  They  are  carried  round  in  such 
a  way  as  to  show  that  he  turns  on  an 
axis  once  in  about  four  weeks.  At  his 
poles  no  spots  are  seen,  nor  are  any  seen 
in  the  zone  midway  between  the  two 
poles.  The  spots  always  lie  in  the  parts 
between  this  zone  and  either  pole.  All 
round  a  spot  bright  streaks  are  seen.  It 
is  as  though  all  round  a  hole  broken 
through  his  bright  surface  the  glowing 
matter  had  been  heaped  up  in  great  waves 
and  made  still  brighter. 

Sometimes  many  spots  are  seen  at 
once,  sometimes  few,  and  sometimes 
none  at  all.  It  is  found  that  there  is  a 
law  in  these  changes.  The  spots  get 
less  in  number  till  there  are  none,  then 
show  again,  get  more  in  number,  then  less 
again  till  there  are  none,  and  so  on.  The 
sun  goes  through  all  these  changes  in 
about  eleven  years.  It  is  found,  too,  very 
strangely,  that  our  earth  feels  these  changes 
in  the  sun,  auroras  being  more  common 
when  the  sun  is  most  spotted  than  when 
he  is  free  from  spots. 

By  means  of  an  instrument  called  the 
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spectroscope,  men  have  been  able  to  find 
out  what  the  sun  is  made  of.  I  cannot 
here  explain  how  this  is  ;  but  I  may  just 
say  that  it  depends  on  the  fact  that  every 
substance  when  burning  shines  with  its 
own  proper  colour  or  colours  ;  and  we  can 
tell  what  colours  are  present  in  greater  or 
less  amount  in  the  sun's  white  light.  In 
this  way  men  have  found  that  all  round 
the  glowing  mass  of  the  sun  there  are 
the  vapours  of  iron,  copper,  zinc,  nickel, 
sodium  (which  is  a  chief  part  of  our 
common  salt),  hydrogen,  and  other  sub- 
stances, the  names  of  which  you  would 
not  know,  though  some  of  them  are  found 
in  magnesia,  lime,  potash,  soda,  and  other 
familiar  things. 

Lately,  this  way  of  searching  into  the 
sun  has  been  improved,  and  other  gases 
not  before  known  to  be  present  in  the 
sun,  have  been  found  in  him.  Thus  it 
has  been  shown  that  oxygen  and  nitro- 
gen, the  two  gases  which  make  the  air 
we  breathe,  exist  in  the  sun.  Of  course 
they  are  very  hot  there,  so  hot  in  fact 
that  they  shine  very  brightly. 

The  moon,  being  nearer  to  us  than  the 
sun,  sometimes  gets  between  us  and  the 
sun  in  such  a  way  as  to  hide  his  bright 
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surface.  Then  we  find  that  outside  that 
bright  part  he  has  matter,  not  so  bright, 
which  at  other  times  we  cannot  see. 
Thus  all  round  his  bright  surface  there 
are  great  red  flames,  sometimes  so  high 
that  ten  or  twelve  globes  as  large  as  our 
earth  placed  on  top  of  one  another  would 
not  reach  the  top  of  one  of  these  flames. 
They  are  great  masses  of  glowing  gas, 
chiefly  hydrogen.  They  change  strangely 
in  shape,  sometimes  leaping  up  in  a  few 
minutes  to  a  height  of  forty  or  fifty  thou- 
sand miles,  then  slowly  sinking  again. 
When  there  are  most  spots  these  flames 
are  largest  and  seem  to  be  most  active ; 
but  when  there  are  no  spots  flames  are 
still  seen,  and  they  are  seen  over  all  parts 
of  the  sun,  not  only  where  the  spots  are 
seen.  In  fact  the  whole  frame  of  the 
sun  is  at  all  times  wrapped  in  a  layer  of 
glowing  gas  at  least  eight  thousand  miles 
deep. 

When  the  sun  is  hidden  by  the  moon 
in  eclipse,  there  can  be  seen,  outside 
these  flames,  a  glory  of  light  which  is 
called  the  corona.  It  consists  partly  of 
glowing  gas,  partly  of  a  kind  of  scattered 
dust,  lit  up  by  the  sun's  rays  and  even 
partly  made  bright  by  intense  heat.     The 
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streamers  of  this  glory  of  light  extend 
many  hundred  thousand  miles  from  the 
surface  of  the  san. 


THE  PLANET  MERCURY. 

The  planet  Mercury  travels  nearest  to 
the  sun  of  all  the  planets.  His  size  is 
shown  at  m,  fig.  1.  His  distance  from  the 
sun  is  shown  in  fig.  2,  where  m  is  his 
path  and  E  that  of  the  earth,  S  being  the 
sun.  He  takes  eighty-eight  days  going 
once  round  the  sun ;  this  is  the  length  of 
his  year.  He  is  so  near  to  the  sun  that 
he  cannot  be  well  seen.  When  he  is 
nearest  to  us  he  is  between  the  sun  and 
us,  so  that  his  dark  side  is  towards  us. 
When  the  sun  is  between  us  and  him,  he 
turns  his  bright  face  towards  us.  But  at 
such  a  time  the  sun  is  in  the  way,  and 
with  his  much  brighter  light  hides  Mer- 
cury from  our  view.  We  can  only  see  Mer- 
cury when  he  is  on  one  side  or  the  other 
of  a  line  joining  the  earth  and  sun ;  and 
then  he  looks  in  the  telescope  like  a 
small  moon,  about  half  full.  As  you  see 
from  fig.  1,  Mercury  is  a  small  planet. 
He  measures  through  his  middle   about 
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3,000  miles.  About  seventeen  globes  as 
large  as  Mercury  would  be  wanted  to 
make  a  globe  as  large  as  our  earth.  But 
his  substance  is  rather  heavier,  so  that 


Tig.  2. 


instead  of  seventeen,  only  fifteen  globes, 
each  having  as  much  matter  as  Mercury, 
would  be  wanted  to  make  one  having  as 
much  matter  as  our  earth.     With  a  good 
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telescope  faint  marks  can  be  seen  on 
Mercury,  as  though  he  had  lands  and 
seas  as  we  have ;  but  they  are  not  easily 
seen.  He  turns  round  on  his  axis  once 
in  about  twenty-four  hours  and  five  min- 
utes, so  that  his  day  lasts  a  little  longer 
than  ours.  Being  so  much  nearer  to  the 
sun,  Mercury  must  be  very  warm.  If 
we  had  as  much  heat  we  could  not  live. 
But  there  may  be  living  creatures  on 
Mercury  who  can  bear  that  great  heat. 


THE  PLANET  VENUS. 

The  planet  Venus  comes  next  to  Mer- 
cury. Her  size  is  shown  at  V,  fig.  1.  Her 
distance  is  shown  in  fig.  2,  where  V  is  her 
path,  and  E  that  of  the  earth.  She  goes 
round  the  sun  in  224f  days,  or  rather 
less  than  7^  months.  This  is  the  length 
of  her  year.  We  can  see  Venus  much 
better  than  Mercury ;  though  she  is  never 
seen  very  far  from  the  sun.  She  is  the 
brightest  and  most  beautiful  of  all  the 
planets,  and  none  of  the  fixed  stars  can 
be  compared  with  her  in  beauty.  In  the 
telescope  she  is  seen  like  Mercury  as  a 
moon,  never  quite  full,  sometimes  about 
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half  full,  sometimes  like  the  new  moon. 
She  is  nearly  as  large  as  the  earth,  mea- 
suring through  the  middle  about  7,500 
miles,  while  the  earth  measures  7,900 
miles ;  she  is  made  of  rather  lighter 
matter.  Marks  can  be  seen  on  Venus, 
which  have  been  thought  to  show  the 
planet's  land  and  water ;  and  even  moun- 
tains are  said  to  have  been  seen.  She 
turns  on  her  axis  in  about  twenty-three 
hours  twenty-one  minutes,  so  that  her 
day  is  about  forty  minutes  shorter  than 
ours.  Although  not  so  near  the  sun  as 
Mercury,  Venus  gets  twice  as  much  heat 
as  we  do  from  him.  So  that  we  could 
not  live  comfortably  on  Venus.  But 
very  likely  there  may  be  creatures  on 
Venus  who  want  all  that  warmth,  and 
who  think  our  earth  must  be  a  place 
much  too  cold  for  any  living  beings. 

That  same  instrument  which  has  told 
us  that  there  are  the  vapours  of  iron  and 
copper  in  the  sun's  air  has  shown  that 
there  is  the  vapour  of  water  in  the  air  of 
Venus ;  so  that  we  can  very  well  believe 
there  are  oceans  and  seas  there,  clouds 
and  rain,  and  perhaps  snow,  and  wind, 
and  storm,  much  as  with  us  on  this  earth. 
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THE   EARTH  AND   MOON. 

Our  earth  is  the  next  planet.  She  mea- 
sures 7,900  miles  through.  Her  path  round 
the  sun  is  shown  at  E,  fig.  2.  She  takes 
365 i  days  in  going  round  the  sun.  That 
is  the  length  of  her  year.  She  turns  round 
once  on  her  axis  in  twenty-four  hours,* 
or  what  we  call  a  day.  Her  axis  is  some- 
what bowed  down  towards  the  level  in 
which  she  travels ;  it  is  sloped  always 
the  same  way  while  she  goes  round  the 
sun.  Thus  in  one  part  of  the  year  she 
has  her  northern  half  bowed  towards  the 
sun;  then  it  is  winter  in  that  half  and 
summer  in  the  other.  In  the  opposite 
part  of  her  path  her  southern  half  is 
bowed  towrards  the  sun ;  then  it  is  winter 
in  the  northern  half  and  summer  in  the 
southern.  Midway  between  these  two 
parts  of  her  path  neither  her  northern 
nor  her  southern  half  is  turned  towards 
the  sun ;  and  then  it  is  either  spring  or 
autumn  (spring  for  one  half  and  autumn 
for  the  other). 

*  Less  about  four  minutes  ;  but  I  cannot  tell  you  here 
why  the  time  she  takes  in  turning  on  her  axis  is  not 
exactly  the  same  as  the  common  day.  You  will  learn 
this  later. 
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It  has  been  found  that  the  earth  con- 
tains nearly  six  times  as  much  matter  as 
she  would  if^^were  made  of  water. 
That  is,  if-4^€?e^oiildHbe  a  great  pair  of 
scales,  and  the  earth  could  be  set  in  one, 
while  a  globe  of  water  nearly  six  times 
as  large  were  set  in  the  other,  the  earth 
would  balance  the  larger  globe  of  water. 

The  moon  is  a  sort  of  companion  planet 
for  our  earth,  these  two  circling  round 
each  other  once  in  each  lunar  month  (or 
about  twenty-nine  days  and  a  half),  while 
they  both  travel  round  the  sun.  The 
moon  is  about  238,800  miles  from  the 
earth.  She  measures  2,165  miles  through, 
and  it  would  take  fifty-five  globes  as 
large  as  the  moon  to  make  one  as  large 
as  the  earth.  But  she  is  made  of  lighter 
matter,  so  that  about  eighty  moons  would 
weigh  as  much  as  the  earth. 

As  the  moon  goes  round  the  earth  she 
seems  to  change  in  shape.  The  truth 
really  is  that  we  see  more  or  less,  at 
different  times,  of  that  half  of  the  moon 
which  is  lit  up  by  the  sun.  If  you  set  a 
bright  light  in  the  middle  of  a  room, 
where  there  is  no  other  light,  and,  stand- 
ing at  some  distance,  hold  out  an  orange 
at  arm's  length,  and  then  turn   slowly 
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round  on  your  heels,  you  will  see  the 
bright  part  of  the  orange  change  in  shape 
just  as  the  moon  does.  The  same  thing 
will  explain  what  are  called  eclipses  of 
the  sun  and  moon.  When,  in  turning 
round,  the  orange  comes  between  the 
light  and  you  it  casts  a  shadow  on  you, 
and  if  you  hold  it  so  that  the  shadow 
falls  on  your  face,  you  will  see  that  the 
orange  hides  the  lamp  or  part  of  it.  Just 
so  the  moon  throws  a  shadow.  If  when 
she  is  between  the  earth  and  sun  the 
shadow  is  thrown  directly  on  any  part 
of  the  earth,  people  living  there  see  the 
moon's  body  hiding  the  sun  or  a  part  of 
him.  When  the  orange  is  on  the  other 
side,  or  farthest  from  the  light,  your  head 
is  between  it  and  the  light,  and  unless 
the  orange  is  held  higher,  the  shadow  of 
your  head  falls  on  it.  Just  so  the  earth 
throws  a  shadow.  If  when  she  is  be- 
tween the  earth  and  moon  her  shadow  is 
thrown  directly  on  the  moon,  the  moon 
seems  darkened,  or  may  even  be  quite 
blotted  out  from  view. 

When  we  look  at  the  moon  with  a 
telescope,  she  is  found  to  have  a  rough  sur- 
face, covered  all  over  with  mountains,  val- 
leys, hills,  and  so  forth.     There  are  many 
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ring-shaped  mountains,  which  were  once 
volcanoes  throwing  out  smoke  and  fire 
and  melted  rock.  There  are  also  large 
dark  levels,  which  are  supposed  to  be  the 
bottoms  of  old  seas.  But  there  are  no 
signs  of  water  on  the  moon.  If  she  has 
any  air  it  must  be  very  thin.  In  fact,  no 
living  creatures  such  as  we  know  of  could 
live  on  the  moon. 


THE  PLANET  MAES. 

The  planet  Mars  travels  outside  the 
earth,  his  size  is  shown  at  M,  fig.  1,  and 
his  path  is  shown  at  M,  fig.  2.  He  takes 
about  687  days  in  going  once  round 
the  sun.  This  is  the  length  of  his  year. 
We  see  Mars  much  better  than  either  Mer- 
cury or  Venus.  For  when  at  his  nearest 
to  us,  he  is  on  the  side  away  from  the 
sun;  so  that  he  turns  the  same  face  to  us 
as  to  the  sun,  and  we  see  his  sunlit  side. 
The  same  is  true  of  all  the  other  planets 
which  travel  outside  the  earth's  path. 
Mars  shines  with  a  ruddy  light.  In  the 
telescope  he  is  found  to  have  parts  of  his 
body  reddish,  other  parts  greenish,  and 
there  are  two  spots  of  white  at  his  poles. 
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The  reddish  parts  are  thought  to  be  land, 
the  greenish  parts  to  be  seas,  and  the 
white  spots  to  be  fields  of  ice  and  snow, 
like  those  which  surround  the  poles  of  our 
earth.  His  lands  and  seas  have  been 
mapped  like  those  of  our  own  earth. 
The  spectroscope  shows  us  that  he  has 
air  like  ours,  and  that  his  air  is  often 
moist  with  the  vapour  of  water.  He 
measures  about  4,500  miles  through.  His 
size  is  shown  in  fig.  1,  at  M.  It  would 
take  six  globes  as  large  as  Mars  to 
make  one  as  large  as  the  earth  ;  and 
eight  globes  as  heavy  as  Mars  to  weigh 
as  much  as  our  earth.  He  turns  on 
his  axis  in  24  hours,  37  minutes,  and 
22f  seconds,  which  is  the  length  of  his 
day.  _         ; 

It  was  thought  till  quite  lately  (August, 
1877,  in  fact)  that  Mars  had  no  moons ; 
but  two  little  moons  have  been  found. 
One  is  at  a  distance  of  about  14,000  miles, 
the  other  about  5,600  miles  from  his 
centre.  Neither  of  them,  most  likely,  is 
more  than  ten  or  twelve  miles  through. 
An  active  man  could  walk  round  either 
of  these  little  bodies  in  a  single  day. 
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THE  RING  OF  LITTLE  PLANETS. 

Outside  the  path  of  Mars  there  comes 
a  ring  of  planets  so  small  that  the  largest 
can  only  just  be  seen  with  the  naked 
eye.  It  was  only  in  recent  years  that 
most  of  these  planets  were  found.  The 
first  was  found  on  January  1st,  1801,  then 
presently  another,  and  another,  and  a 
fourth.  After  this  none  were  found  for 
about  forty  years.  But  during  the  last 
thirty  years  many  have  been  found,  and 
more  than  175  are  now  known.  It  is 
thought  that  thousands  really  exist ;  but 
all  together  do  not  weigh  as  much  as  the 
tenth  part  of  our  earth.  Some  travel  not 
much  more  than  twice  as  far  from  the 
sun  as  our  earth  does,  while  others  are 
half  as  far  again.  They  thus  form  a 
broad  belt  or  ring  of  little  planets.  They 
take  from  three  years  to  seven  years  in 
going  once  round  the  sun,  those  nearest  to 
him  taking  the  least  time  in  going  round. 


THE  PLANET  JUPITER. 


Far  beyond  the  ring  of  small  planets, 
we  come  to  the  planet  Jupiter.     He  goes 
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round  the  sun  at  a  distance  from  him 
about  five  times  greater  than  the  earth's. 
He  takes  eleven  years  and  ten  months  in 
going  round.  Like  Mars,  Jupiter  is  best 
seen  when  nearest  to  us,  and  for  the  same 
reason  (see  p.  320).  He  shines  with  a  white 
light,  and  is  much  brighter  than  Mars. 
Indeed,  he  is  brighter  than  any  planet 
except  Venus,  and  as  he  is  seen  at  mid- 
night, which  Venus  never  is,  he  some- 
times looks  brighter,  because  of  the  dark- 
ness of  the  sky,  than  she  ever  does.  He 
is  thus  bright,  though  so  far  away,  because 
he  is  so  large.  He  is  about  1,250  times 
larger  than  the  earth,  and  a  great  deal 
larger  than  all  the  other  planets  together. 
His  size  is  shown  in  fig.  1  at  J.  It  would 
take  302  globes  like  our  earth  to  weigh 
as  much  as  Jupiter.  In  the  telescope 
he  is  found  to  be  not  at  all  like  Mars. 
Neither  land  nor  sea  can  be  seen,  nor 
polar  snows,  nor  anything  like  what  we 
should  expect  to  see  in  a  world  like  ours. 
He  seems  to  be  wrapped  up  in  great 
masses  of  cloud,  which  form  belts  all 
round  him.  Some  of  these  are  bright, 
others  dark.  It  is  thought  that  the  dark 
belts  may  either  be  the  real  body  of 
Jupiter,  or  lower  beds    of  cloud,  not  so 
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brightly  lit  up  by  the  sun  as  the  outer 
ones. 

Jupiter  turns  on  his  axis  in  about  ten 
hours,  which  is  very  fast,  if  we  think  how 
large  he  is.  He  turns  round  twelve  times 
while  our  little  earth  turns  round  only 
five  times.  Owing  to  this  rapid  turning 
he  is  rather  flattened,  being  only  about 
79,000  miles  through  from  pole  to  pole, 
but  87,000  miles  through  where  he  bulges 
out  midway  between  the  poles.  Jupiter 
has  four  moons,  the  largest  of  which  is 
a  good  deal  larger  than  ours,  the  least 
about  as  large  as  our  moon.  The  outer 
one  travels  about  1,150,000  miles  from 
Jupiter's  centre  ;  the  inner  about  258,000 
miles.  Yet  so  far  away  is  Jupiter  that 
this  set  of  moons,  forming  a  system  two 
and  a  quarter  million  miles  wide,  is  lost  to 
view  in  the  planet's  bright  light. 


THE  PLANET  SATURN. 


This  planet  travels  round  the  sun 
nearly  twice  as  far  away  as  Jupiter,  or 
nine  and  a  half  times  as  far  away  as  the 
earth.  He  takes  twenty-nine  years  five 
and  a  half  months  in  going  once  round. 
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Less  by  far  than  Jupiter  (see  S,  fig.  1), 
both  in  size  and  mass,  he  yet  is  greater 
than  all  the  other  planets  together.  It 
would  take  750  globes  like  the  earth  to 
make  one  as  large  as  Saturn,  and  ninety 
globes  like  the  earth  to  outweigh  one 
like  his.  Yet  owing  to  his  great  distance 
he  does  not  shine  so  brightly  as  Mars. 
He  has  a  dull  yellow  colour,  and  was 
thought  by  men  of  old  times  to  be  a 
very  dull,  gloomy  sort  of  body.  But  in 
the  telescope  he  is  a  very  fine  planet. 
He  has  no  less  than  eight  moons,  the  outer 
one  travelling  2,340,000  miles  from  him, 
so  that  the  full  span  of  the  set  of  moons 
is  about  4,700,000  miles.  But  besides 
these,  he  is  girt  round  by  a  mighty  ring, 
or  rather  set  of  rings.  These  are  flat. 
The  outer  one  is  about  10,000  miles 
wide,  and  its  outer  edge  is  83,000  miles 
from  Saturn's  centre.  Then  comes  a  gap 
nearly  2,000  miles  wide,  and  inside  that 
is  the  inner  ring,  about  17,000  miles  wide. 
Both  these  rings  are  bright  like  the  planet. 
But  inside  the  inner  comes  a  dark  slate- 
coloured  ring  about  9,000  miles  wide, 
through  which  the  body  of  the  planet 
can  be  seen  where  the  ring  crosses  it. 
The  planet  measures  about  73,000  miles 
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through,  and  between  it  and  the  inside 
edge  of  the  dark  ring  there  is  a  space 
about  8,000  miles  wide.  Saturn  has 
belts  of  clouds  like  Jupiter's,  and  turns 
very  quickly  on  his  axis,  taking,  however, 
about  half  an  hour  longer  than  his  great 
brother  Jupiter.  He  is  rather  flattened 
because  of  this  rapid  turning,  measuring 
only  66,000  miles  from  pole  to  pole. 


THE  PLANETS  URANUS  AND  NEPTUNE. 

About  twice  as  far  away  as  Saturn 
comes  Uranus,  taking  eighty-four  years 
six  days  to  go  once  round  the  sun.  He 
was  not  known  to  the  ancients,  and  can 
only  just  be  seen  without  a  telescope. 
Sir  W.  Herschel  found  Uranus  by  acci- 
dent in  1784,  when  he  was  searching 
among  the  stars  with  a  large  telescope. 
Uranus  is  about  seventy  times  larger 
than  the  earth  (see  U,  fig.  1),  and  about 
fifteen  and  a  half  times  heavier.  He  has 
four  moons.  We  know  very  little  about 
him  owing  to  his  great  distance. 

About  the  year  1820  it  was  found  that 
Uranus  was  not  moving  quite  as  he  ought 
to  do.     Some  thought  he  was  disturbed 


COMETS  AND  FALLING  STAES.     327 

by  a  large  planet  yet  farther  away.  An 
English  astronomer  named  Adams,  and  a 
French  one  named  Leverrier,  tried  to  find 
out  where  such  a  planet  must  be  to  disturb 
Uranus  in  this  way.  When  a  telescope 
was  turned  to  the  part  of  the  sky  where 
they  said  the  outer  planet  must  be,  there, 
sure  enough,  they  found  it.  A  large  planet- 
it  proved  to  be  (see  N,  fig.  1),  115  times 
larger  than  the  earth,  and  nearly  seventeen 
times  as  heavy.  The  name  Neptune  was 
given  to  it.  It  has  one  moon.  We  know 
very  little  of  Neptune  because  of  his  enor- 
mous distance,  for  he  travels  thirty  times 
farther  from  the  sun  than  the  earth  does. 
He  takes  164  years  seven  months  ingoing 
once  round  the  sun,  so  that  if  any  one 
began  observing  the  planet  at  the  age  of 
ten,  and  went  on  until  he  was  ninety-two 
years  old,  he  would  have  tracked  Neptune 
through  only  one-half  of  his  path  round 
the  sun. 


COMETS  AND  FALLING  STARS. 

Sometimes  a  hazy-looking  object  with 
a  long  tail  is  seen  among  the  stars.  This 
is  a  comet.  Some  comets  have  no  tails,  or 
only  a  very  short  tail.     They  move  over 
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the  star-vault  like  the  moon  and  planets, 
and  each  follows  a  regular  path  round 
the  sun.  Some  of  them  are  strange- 
looking  objects,  with  tails  reaching  half 
across  the  sky.  In  old  times  men  took 
comets  for  signs  sent  to  warn  them  of 
some  great  trouble  ;  but  now,  of  course, 
that  comets  are  known  to  travel  steadily- 
round  the  sun,  at  one  time  near  to  him, 
at  another  far  away,  they  are  no  longer 
looked  on  with  fear. 

Comets  change  as  they  draw  near 
the  sun.  When  first  seen  they  look  like 
round  balls  of  wool.  Then  they  grow 
longer,  and  soon  throw  out  a  tail,  which 
is  always  on  the  side  farthest  from  the 
sun.  Thus  as  a  comet  draws  to  the  sun, 
and  so  has  him  in  front,  the  tail  is  behind, 
while  as  the  comet  goes  away,  leaving 
the  sun  behind,  the  tail  moves  off  in  fronfe 
of  the  comet.  The  tail  grows  smaller 
and  at  last  vanishes  as  the  comet  retreats. 

Some  comets  have  divided  into  two, 
others  have  vanished.  A  few  cross  the 
path  of  our  earth,  but  no  harm  would 
happen  if  a  comet  struck  the  earth,  for 
they  are  very  light. 

If  you  look  at  the  sky  on  a  clear  night 
you  will  often  see  falling  stars  or  meteors. 
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These  are  small  bodies  travelling  round 
the  sun  like  tiny  planets.  When  the 
earth  crosses  the  track  of  one  of  them, 
we  see  the  meteor  because  it  becomes 
very  hot  and  bright  as  it  rushes  into  our 
air.  It  is  soon  melted  and  turned  into 
vapour  by  the  heat,  and  then  fades  from 
view.  Some  which  are  larger  are  not  so 
soon  destroyed.  These  larger  meteors 
are  called  fireballs.  Often  the  great  heat 
causes  a  fireball  to  burst  into  small  pieces. 
Some  meteors  are  so  large  that  they 
pass  quite  through  the  air  without  being 
destroyed,  falling  with  great  force  on  the 
earth.  They  are  found  to  be  made  of 
iron,  nickel,  and  other  known  substances. 

There  are  millions  of  millions  of 
meteors  large  and  small.  They  travel 
in  flights  and  on  regular  paths.  It  has 
been  found  that  many  of  these  flights 
follow  in  the  track  of  comets  ;  and  indeed 
it  is  thought  that  every  meteor  belongs 
to  the  train  of  some  comet. 

When  the  earth  passes  through  a  flight 
of  meteors,  many  falling  stars  are  seen. 
Sometimes  the  whole  sky  seems  to  be 
covered  with  them,  as  though  there  were 
a  shower  of  falling  stars. 
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THE  FIXED  STARS. 


The  fixed  stars, — that  is,  the  stars  which 
keep  always  the  same  place  on  the  turn- 
ing vault  of  heaven, — are  much  larger 
bodies  than  the  planets.  Each  one  of 
the  fixed  stars  is  a  sun,  shining  with  its 
own  light.  But  they  lie  so  far  away  that 
even  when  we  look  at  a  star  with  a  very 
large  telescope,  it  always  looks  like  a 
point  of  light.  We  know  the  distances  - 
at  which  a  few  of  the  nearest  stars  lie, 
and  that  if  our  sun  were  set  as  far  off, 
he  too  would  look  a  mere  point  of  light. 
In  fact  he  would  not  look  nearly  so 
bright  as  some  of  the  stars,  if  he  were 
set  no  farther  away  than  the  nearest 
star.  If  he  were  set  as  far  away  as 
r,ome  of  those  we  see,  he  would  be  quite 
lost  to  view;  for  he  is  not  by  any  means 
the  largest  of  the  suns. 

Yet  we  can  tell  what  some  of  the  stars 
are  made  of  by  using  the  same  instrument 
(see  pp.  310,  311)  which  has  told  us  what 
our  sun  is  made  of.  We  find  that  each 
star  is,  like  him,  a  glowing  mass  of  fiery 
hot  matter,  shining  through  the  vapours 
of  iron,  copper,  zinc,  and  other  known 
substances.     But  they  are  not  all  alike  ; 
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some  are  larger,  hotter,  and  brighter  than 
others.  Some  contain  the  vapours  of 
substances  which  are  either  not  present 
in  others  or  show  no  signs  of  being  so. 

Without  a  telescope  we  can  see  at 
once  about  three  thousand  stars,  so  that 
as  we  only  see  half  the  star-sphere  at  one 
time,  about  six  thousand  stars  can  be  seen 
in  all.  But  with  a  telescope,  even  a  small 
one,  hundreds  of  stars  are  seen  for  each 
one  which  can  be  seen  without  a  telescope. 
When  we  take  a  large  telescope  thou- 
sands more  come  into  view.  There  seems 
to  be  no  end  to  them.  For,  no  matter 
how  large  the  telescope  we  use,  faint 
stars  are  always  seen,  which  with  a  larger 
telescope  would  appear  bright,  while  more 
still  would  come  into  view  as  faint  stars. 
The  largest  telescope  yet  made  shows 
so  many  stars  in  every  part  of  the  heavens 
to  which  it  has  been  turned,  that  if  all 
could  be  counted  there  would  be  at  least 
a  hundred  millions.  And  no  doubt  for 
every  one  of  these  stars  there  are  millions, 
even  millions  of  millions,  which  lie  beyond 
the  range  of  the  largest  telescope  man 
can  ever  make.  When  we  think  that 
each  star  is  a  sun,  and  that  probably 
each  one   has,  like  our  sun,  a  family  of 
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worlds  travelling  round  it,  the  mind  is 
lost  amid  these  wonders.  They  are  real, 
and  we  can  speak  of  them,  but  we  cannot 
in  the  least  conceive  them. 

Some  stars  which  look  single  are  found 
with  the  telescope  to  be  double.  In 
many  of  these  cases  we  see  two  stars 
which  happen  to  lie  in  the  same  direction, 
though  one  may  be  very  much  farther 
away  than  the  other.  But  in  some  cases 
the  two  stars  form  a  real  pair,  circling 
round  each  other  as  the  earth  and  moon 
do.  Sometimes  the  twx>  stars  are  nearly 
equal  in  brightness ;  in  other  cases  one  is 
much  smaller  than  the  other.  Many  of 
these  double  stars  shew  very  pretty 
colours,  especially  when  the  stars  are 
unequal  in  size.  Thus  in  some  cases  the 
larger  is  red,  the  smaller  green ;  in  some 
the  larger  is  orange  and  the  smaller  blue  ; 
or  the  larger  yellow  and  the  smaller 
purple ;  and  many  other  pairs  of  colours 
are  seen. 

Sometimes  three,  four,  or  more  stars 
are  grouped  together,  where  without  a 
telescope  we  see  only  one.  Among  such 
groups  the  colours  are  often  very  fine. 

There  are  also  many  clusters  of  stars  in 
the  skies.     Thus  there  is  a  group  called 
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the  Pleiades,  and  another  called  Pr&sepe, 
or  the  Beehive.  These  can  be  seen  with- 
out a  telescope.  But  with  a  large  tele- 
scope hundreds  of  clusters  can  be  seen. 

Besides  these  clusters  of  stars  there 
are  faint  cloudlike  objects,  called  nebulce, 
in  great  numbers.  Some  of  these  when 
seen  with  large  telescopes  are  found  to 
consist  of  thousands  of  small  stars ;  but 
others  are  formed  of  a  kind  of  bright  gas, 
or  rather  of  two  or  three  gases  mixed 
together.  Among  these  gases  are  nitro- 
gen and  hydrogen. 

On  a  clear  night  a  faint  streak  of 
cloudy  light  can  be  seen,  forming  an  arch 
round  the  heavens,  and  always  in  the 
same  position  among  the  stars.  This 
is  the  Milky  Way.  In  a  telescope  it  is 
seen  to  consist  entirely  of  small  stars,  too 
small  to  be  seen  alone,  so  that  they  seem 
to  form  a  cloud  of  faint  light. 

Some  among  the  stars  change  in  bright- 
ness. One,  called  Mira>  or  the  Wonder- 
ful Star,  shines  brightly  for  a  few  weeks, 
then  fades  until  after  a  few  months  it 
cannot  be  seen  ;  but  after  awhile  it  comes 
again  into  view  and  gradually  shines  out 
with  its  full  brightness,  going  through 
all  these  changes  in  about  eleven  months. 
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Others  change  in  a  few  days,  some  change 
less  regularly.  One  star,  which  was  bright 
a  hundred  years  ago,  grew  much  brighter 
about  thirty  years  ago,  then  faded,  and 
can  now  be  scarcely  seen.  Others  blaze 
out  suddenly,  and  after  shining  very 
brightly  for  a  few  days,  grow  fainter  and 
vanish  from  view.  It  is  well  for  us  that 
our  sun  burns  with  a  steady  light,  and 
does  not,  like  these,  shine  sometimes  with 
too  much  light,  and  sometimes  with  too 
little.  Most  of  the  suns,  however,  shine 
as  steadily  as  our  sun. 

A  very  strange  thing  happened  lately. 
In  November,  1876,  a  new  star  was  seen ; 
it  was  examined  with  a  spectroscope  and 
found  to  be  shining  like  a  sun  covered 
over  with  glowing  gas.  It  faded  out 
from  view  like  other  new  stars,  but  it 
can  still  be  seen  with  a  telescope.  The 
light,  however,  is  no  longer  that  of  a 
sun  covered  with  glowing  gas,  but  is 
such  as  comes  from  glowing  gas  shining 
alone.  Very  strangely  the  gas  thus  shin- 
ing is  nitrogen,  which  gives  most  of  the 
light  of  the  gaseous  nebula  (see  p.  333). 

The  stars  are  so  far  from  us  that  the 
sun's  great  distance  is  as  nothing  com- 
pared with  theirs.     Light,  which  travels 
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185,000  miles  in  every  second,  takes 
more  than  three  years  in  reaching  us 
from  the  nearest  fixed  star,  and  hundreds 
of  years  in  reaching  us  from  some  of  the 
fainter  stars.  So  that  if  every  star  were 
destroyed,  more  than  three  years  would 
pass  before  we  should  miss  a  single  star, 
and  hundreds  of  years  before  all  the  stars 
would  have  vanished. 

When  we  consider  these  wonders,  the 
immense  number  of  the  stars,  their  infinite 
variety,  the  work  they  are  all  doing  as 
suns,  the  vastness  of  the  space  through 
which  they  are  scattered,  our  own  world 
seems  as  a  mere  atom  in  space,  and  we 
who  creep  on  it  seem  as  nothing.  As  the 
Psalmist  of  old  (Psalm  viii.  3,  4),  so  may 
the  student  of  the  stars  say  in  our  time, 
"  When  I  consider  the  heavens,  the  work 
of  Thy  fingers,  the  moon  and  the  stars, 
which  Thou  hast  ordained,  what  is  man 
that  Thou  art  mindful  of  him,  or  the  son 
of  man  that  Thou  regardest  him  ?  " 
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BIRDS. 

BY  THE   REV.   F.   0.   MORRIS,   B.A., 

Author  of '"  A  History  of  British  Birds" 


WHIT  IS  A  BIRD  ? 

I  daresay  you  think  that  this  is  a  question 
which,  if  ever  so  young,  you  can  at  once 
answer ;  but  I  am  not  quite  sure  that 
you  can.  I  think  I  hear  you  say,  It  is  a 
creature  which  has  wings  and  can  fly. 
But  that  will  not  do,  at  least  will  not 
quite  do,  for  an  answer ;  for  not  a  few 
animals,  bats  of  many  kinds,  have  wings, 
such  as  they  are,  and  can  fly,  and  fly 
well,  most  wonderfully  well,  too,  while 
on  the  other  hand  there  are  several  kinds 
of  birds,  and  these  even  of  the  larger 
sorts,  which  have  no  wings  or  next  to 
none,  at  all  events  none  that  they  can  fly 
with.     But,  whatever  wings  birds  have, 
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they  are  made  of  feathers,  some  longer 
and  some  shorter  ;  and,  besides  this,  their 
bones  are  mostly  hollow,  and  filled  with 
air,  which  makes  them  lighter,  and  able 
to  fly  about  so  quickly  as  we  see  many  of 
them  do.  At  first  the  bones  of  the  young 
birds  are  much  filled  up,  and  have  less 
air  in  them ;  but  by  degrees  they  come  to 
have  more  and  more,  till  at  last  they 
become  the  same  as  those  of  the  old  ones, 
and  so  in  the  end  they  are  able  to  fly 
about  as  well  as  their  parents  were  before 
them. 

I  think  we  may  say  that  a  bird  is  a 
creature  which  is  clothed  with  feathers, 
"  feathered  fowls,"  as  the  Psalmist  calls 
them. 


THE    SONG   OF   BIEDS. 

Any  account  of  birds  would  be  far  in- 
deed from  complete  if  it  did  not  say 
something  about  their  song.  But  then  it 
is  anything  but  easy  to  write  such  an 
account,  for  how  can  one  describe  it  ? 
Not  indeed  that  all  birds  sing ;  a  great 
many  do  not,  but,  on  the  other  hand,  a 
great  many  do.     And  how  beautiful  are 
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the  notes  of  some  of  them  !  I  have  no 
doubt  but  that  not  only  those  who  live 
in  the  country,  but  most,  or  indeed  all, 
of  those  who  live  in  towns,  have  heard 
the  song  of  some  birds.  I  mean  those 
which  you  sometimes,  too  often,  see  con- 
fined in  cages,  and  in  such  sadly  small 
cages  too.  It  is  always  painful  to  me  to 
see  a  poor  bird  in  a  cage.  It  reminds 
me  of  the  starling  spoken  of  in  Sterne's 
"  Sentimental  Journey, "  which  had  been 
taught  to  say,  "  I  can't  get  out !  I  can't 
get  out !  "  I  do  not  even  like  to  think  of 
it.  But  if  it  is  sad  for  us  to  see  or  think 
of,  how  much  more  so  must  it  be  for  the 
poor  birds  themselves !  I  wish  there  were 
not  allowed  to  be  any  cages  less  than  a 
good  large  size.  I  will  tell  you  a  little 
story  about  a  sailor  which  I  am  reminded 
of  by  what  I  have  been  saying-. 

An  English  sailor,  who  had  been  con- 
fined for  several  years  in  France  as  a 
prisoner  of  war,  was  passing  over  Black- 
friars  Bridge  shortly  after  the  restoration 
of  peace,  when  he  came  up  to  a  man  who 
had  a  number  of  birds  in  a  cage  for  sale. 
Jack  could  not  bear  to  see  the  little 
creatures  thus  confined,  so  he  bought  the 
cage  and  all  the  birds  !     He  then  opened 
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the  cage  door,  and  commenced  taking  out 
the  birds  one  by  one,  and  then  letting 
them  fly  away.  The  bird-seller,  with  the 
utmost  amazement,  began  to  remonstrate 
with  him  ;  but  the  jolly  tar  went  on  until 
every  bird  was  on  the  wing.  "  I  tell  you 
what,  old  boy,"  said  Jack,  "if  you  had 
been  shut  up  within  the  bars  of  a  prison 
as  long  as  I  have,  you  would  love  freedom 
all  the  better,  and  not  be  surprised  at  my 
setting  these  bonny  little  birds  free  to 
enjoy  the  sweets  of  liberty.' ' 

But  to  come  back  for  one  moment  to 
the  song  of  birds.  No  two  birds  that 
sing  have  the  same  kind  of  note ;  all  are 
different,  no  two  are  exactly  the  same, 
though  those  of  some  are  more  or  less 
like  those  of  others.  Some  too  are  able 
to  imitate  the  notes  of  others,  and  that 
even  in  the  wild  state ;  and  some  can  be 
taught  to  do  so,  and  moreover  to  learn 
long  tunes  that  we  sing  ourselves.  Also 
there  are  others  that  learn  to  speak  many 
words,  and  even  short  sentences,  quite 
distinctly. 

Those  birds  that  do  sing,  begin  their 
notes  the  first  thing  in  the  morning,  quite 
at  the  break  of  day  and  even  before. 
They  sing,  for  the  most  part,  in  the  spring 
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or  early  summer,  and  go  on  till  the  young 
are  hatched ;  that  is,  the  cock  bird  does, 
while  the  hen  is  sitting  on  her  eggs  to  hatch 
the  young,  which  I  think  is  very  gallant  of 
him.  Then,  after  the  young  are  hatched, 
they  have  much  work  to  do  to  feed  them ; 
so  that  the  song  mostly  ceases,  though 
not  entirely,  and  in  the  autumn  some 
kinds  begin  to  sing  again,  but  not  nearly 
so  much  nor  so  well  as  in  the  spring. 

Then  again,  those  birds  that  do  not 
sing,  have,  as  I  said,  every  one,  a  note  of 
its  own.  Thus,  as  the  thrush  sings,  the 
nightingale  trills,  and  the  blackcap  war- 
bles, so  the  cock  crows,  the  rook  caws, 
the  turkey  gabbles,  the  magpie  chatters, 
the  bittern  booms,  the  swallow  twitters, 
the  lark  carols,  the  sparrow  chirps,  the 
partridge  calls,  the  owl  hoots,  the  eagle 
screams,  the  raven  croaks,  the  longtailed 
titmouse  cheeps,  the  duck  quacks,  the 
woodpecker  laughs,  and  so  on,  each  one 
"  after  its  kind."  Every  different  sort  of 
bird  has  a  different  note. 

There  is  one  bird  of  whose  note  I 
should  like  to  tell  you,  if  indeed  it  may 
be  called  a  note.  I  have  never  heard  it 
myself,  nor  seen  the  bird  alive,  for  it  lives 
in  a  far  distant  part  of  the  world  in  which 
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I  have  never  been,  though  I  should  much 
like  to  be  there  and  to  see  and  hear  it. 
It  is  called  the  Campanero,  or  Bell-Bird, 
and  it  is  found  in  the  depths  of  the  vast 
forests  of  Brazil,  which  extend  for  hun- 
dreds of  miles.  It  is  so  called  because  its 
note  exactly  resembles  the  slow  tolling  of 
a  bell  from  the  spire  of  some  old  church. 
But  there  is  no  church,  nor  any  human 
building,  near.  You  would  be  startled  if 
you  heard  it  on  a  sudden  from  the  top  of 
some  tall  distant  tree,  as  if  from  the 
" ivy-mantled  tower"  of  an  ancient  village 
parish  church.  That  is  the  note  of  the 
far-famed  Bell-Bird,  the  snow-white 
Campanero. 

But  it  would  be  endless  even  to  attempt 
to  describe  the  notes  of  birds,  and  indeed 
impossible,  they  are  so  varied  and  so 
beautiful.  Such,  for  instance,  as  those 
of  the  nightingale,  the  thrush,  or  the  sky- 
lark, and  of  great  numbers  of  others.  It 
is  said  that  the  birds  of  our  own  county 
have  much  more  beautiful  notes  than  the 
far  more  brightly  plumaged  ones  of  foreign 
countries. 


THE    EGGS    OF    BIBDS.  343 


THE   EGGS   OF   BIRDS. 

Now  birds,  you  must  know,  come  from 
eggs,  that  is  to  say,  the  hen  bird  lays  a 
certain  number  of  eggs,  some  more  and 
others  fewer,  some  only  a  single  one  and 
others  as  many  as  fifteen  or  so. 

After  they  are  laid  she  sits  upon  them, 
for  a  longer  or  a  shorter  time,  till  the 
young  are  hatched.  At  first,  of  course, 
they  are  very  small,  that  is  at  least  in 
proportion  to  the  size  they  afterwards 
grow  to,  for  some  eggs  are  very  large,  as 
for  instance  those  of  the  ostrich;  and 
some  of  birds  which  once  on  a  time  used 
to  live  in  other  parts  of  the  world,  but 
now  no  longer  do,  are  very  much  larger 
than  even  those.  I  have  an  exact  draw- 
ing of  one  of  them,  which  measures  nearly 
a  foot  and  a  quarter  of  an  inch  in  length, 
by  nearly  nine  inches  and  a  quarter  in 
breadth.  But  if  some  are  very  large, 
others  are  very  small.  Just  think  how 
very  small  the  egg  of  the  humming-bird 
must  be  when  the  little  bird  itself  is  not 
much  more  than  an  inch  in  length.  In 
England,  however,  we  have  no  humming- 
birds, but  we  have  some  very  small  birds, 
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such  as  the  golden-crested  wren  and  the 
long-tailed  titmouse,  the  eggs  of  which 
are  much  smaller  than  most  peas.  It  is 
a  very  cruel  thing  to  take  young  birds 
out  of  the  nest,  for  it  is  hard  to  rear 
them,  and  in  most  cases  they  only  die ; 
and  besides,  there  is  the  grief  to  the  parent 
birds,  who  are  so  very  fond  of  their  young, 
and  after  all  the  trouble  they  have  taken 
in  making  the  nest  for  them,  sitting  on 
them  to  hatch  them,  often  for  a  fortnight 
or  more,  and  then  feeding  them,  and  that 
so  very  often  as  they  are  obliged  to  do  to 
support  them,  for  they  grow  very  fast. 
Thus  a  pair  of  the  blue  titmouse  have 
been  known  to  carry  food  to  their  young 
no  less  than  four  hundred  and  seventy-five 
times  in  one  day,  feeding  their  young  with 
from  six  to  seven  hundred  insects.  This 
shows  you  of  what  great  use  birds  are. 
Then  what  a  great  variety  there  is  in  the 
eggs  of  birds !  The  eggs  of  every  kind 
differ  from  those  of  every  other  kind,  and 
many  of  them  are  very  beautiful.  They 
are  of  all  sorts  of  colours  too,  and  of  every 
shade  of  each.  Some  indeed  are  pure 
white,  some  entirely  bluish  green,  and 
others  mottled,  streaked,  spotted,  and 
speckled  in  a  most  elegant  manner.     A 
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collection  of  birds'  eggs  is  therefore  ex- 
tremely pretty ;  but  it  is  not  right  to 
take  all  the  eggs  out  of  a  nest,  but  only 
one  or  two,  and  very  carefully,  and  so 
leave  the  birds  the  rest  to  hatch,  and  then 
to  rear  the  young. 


THE  NESTS   OF  BIRDS. 

But  before  the  eggs  are  laid  there  must 
be  a  nest  to  put  them  in,  except  indeed 
in  the  case  of  those  birds  which  lay  their 
eggs  on  the  bare  ground,  or,  at  the  most, 
in  a  slight  hollow  scraped  in  it,  with  per- 
haps a  few  straws  or  stems  of  grass  and 
such  like  as  a  sort  of  slight  lining  for  it. 

There  is  not  much  to  be  said  about 
these,  but  others  are  most  wonderfully 
made.  Some  are  hung  from  the  end  of  a 
bough,  so  as  to  be  safe  from  monkeys  and 
other  enemies.  Some  are  lined  with  mud, 
as  those  of  the  thrush  or  the  blackbird. 
The  martin,  a  kind  of  swallow,  builds  hers 
under  the  eaves  of  churches  or  houses; 
the  kingfisher  has  hers  in  a  hole  in  a 
bank ;  and  so  has  the  sand-martin.  Some 
are  built  on  the  tops  of  tall  trees,  others 
in  holes  in  trees.     Some  are  open  at  the 
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top,  and  others  covered  in  all  but  a  small 
entrance.  But,  strange  to  say,  all  birds 
do  not  make  nests  ;  some  do  not  build 
any  at  all.  These  are  of  the  kind  that 
is  called  the  cuckoo,  one  of  which  comes 
to  this  country  in  the  spring,  namely  in 
the  middle  of  the  month  of  April  every 
year,  and  has  its  name  from  its  note, 
which  is  exactly  like  that  word.  This 
curious  bird  always  lays  its  egg  in  the 
nest  of  some  other  one,  and  at  the  same 
time  in  that  of  a  kind  much  smaller  than 
itself.  Then,  which  is  another  very  curi- 
ous thing,  it  lays  an  egg  which  is  very 
small  indeed  in  proportion  to  its  size,  but 
suitable  to  the  nest  of  the  small  bird. 
Besides  which,  and  still  more  strange,  the 
little  bird  whose  nest  it  has  thus  taken 
wrongful  possession  of,  feeds  the  young 
cuckoo  with  as  much  care  as  she  would 
have  fed  her  own ;  but  she  has  none  to 
feed,  for  the  young  cuckoo  turns  them  all 
out  of  the  nest  after  they  have  been 
hatched. 

Another  wonderful  thing  is  the  way 
that  nests  built  on  trees,  even  on  the 
top  of  the  highest  ones,  keep  their  place 
and  that  in  the  very  strongest  gales  of 
wind.     It  is  but  seldom  indeed  that  they 
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are  blown  down  ;  but  any  one  who  did 
not  know  it  would  think  that  they  could 
not  possibly  keep  their  place  even  against 
a  little  wind.  Yet  there  we  see  them 
stand,  gale  after  gale,  and  storm  after 
storm,  so  wonderful  is  the  instinct,  as  it  is 
called,  that  God  has  given  to  these  birds 
which  He  has  made. 


THE  MIGRATION  OF  BIRDS. 

There  is  nothing  more  wonderful  in  the 
natural  history  of  birds  than  their  migra- 
tion, that  is,  their  moving  from  one 
country  to  another  at  certain  seasons  of 
the  year,  going  at  one  regular  time  and 
coming  back  at  another,  often  to  the  very 
same  day.  Many  of  our  own  native  birds 
move  about  the  country  more  or  less  in 
this  manner  ;  but  some,  namely  the  swal- 
low, the  cuckoo,  the  corncrake,  and  such 
very  small  ones  as  the  golden-crested 
wren,  which  one  would  think  could  not  fly 
far  at .  all,  and  would  be  blown  away  by 
any  gust  of  wind,  cross  the  ocean,  and 
the  swallow  and  some  others  thus  travel 
for  even  thousands  of  miles,  This  was 
spoken  of  long   ago  in  the  Bible ;   but 
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how  it  is  that  they  are  able  to  do  it,  and  to 
find  their  way  backwards,  year  after  year, 
to  the  same  place  and  the  same  spot,  nay, 
to  the  very  same  nest,  is  indeed  "  past 
finding  out." 


THE  PLUMAGE  OF  BIRDS. 

It  is  by  the  feathers  or  plumage  of  birds 
that  they  are  the  more  readily  known  one 
from  the  other.  Many  indeed  differ  very 
greatly  in  size,  and  shape,  and  habits  ;  but 
large  numbers  are  of  the  same  size,  and  can 
only  be  told  at  a  distance  by  their  outward 
appearance. 

It  would  take  volumes  on  volumes 
to  tell  of  their  very  great  variety.  In- 
deed no  words  could  describe  the  wonder- 
ful beauty  of  numbers  of  the  foreign  kinds ; 
and  some  that  we  have  in  England  are  ex- 
tremely pretty  too,  such  as  the  goldfinch, 
the  kingfisher,  and  many  others  more  or 
less  common :  and  some  few  which  only 
come  here  rarely,  as  the  roller,  the  bee- 
eater,  and  the  hoopoe. 

But  abroad  there  are  the  birds  of 
paradise,  of  most  gorgeous  colours,  a 
great  variety  of  woodpeckers,  and  other 
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kingfishers,  parrots,  cockatoos,  parrakeets, 
and,  though  least  in  size,  yet  far  from  least 
in  beauty,  the  elegant  and  lovely  little 
humming-birds,  of  which  there  are  a  great 
many  different  kinds. 

Then  some  birds  are  black,  and  others 
white,  all  over;  such  as,  of  the  former,  the 
blackbird,  the  raven,  the  rook,  and  the 
crow,  and  of  the  latter  the  snowflake,  the 
ptarmigan,  the  ivory  gull,  and  the  snow- 
white  campanero,  of  which  I  have  spoken 
before.  And  I  must  not  forget  to  tell 
you  that  birds  change  the  colour  of  their 
feathers,  or  moult,  as  it  is  called,  more  or 
less  every  year ;  and  many  kinds  become 
quite  different  in  the  winter  from  what 
they  had  been  in  the  summer,  so  that 
no  one  who  did  not  know  would  at  all 
think  that  they  were  the  same.  Others 
differ  in  this  way  more,  much  more, 
and  others  less ;  but  in  any  case  the 
brightest  plumage  is  in  the  spring  and 
the  early  part  of  the  summer,  and  less 
gay  afterwards.  Also  the  young  birds  are 
very  often  quite  unlike  what  they  become 
by  degrees  afterwards,  when  they  have 
gained  their  full  dress,  as  much  so  as  if 
they  were  not  the  same  sort  at  all. 
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THE  FLIGHT  OF  BIRDS. 

I  must  also  say  a  word  or  two  about  the 
flight  of  birds,  which  is  well  worth  more 
space  than  I  am  able  to  give  to  it. 

Some  birds  fly  very  slowly,  and  others 
very  fast ;  some  only  a  very  little  way,  and 
others  for  great  distances ;  some  for  only 
a  short  time,  and  others  again  for  hours 
and  hours,  or  almost  the  whole  day,  with- 
out once  stopping.  Then  some,  such  as  the 
skylark  and  the  kite,  soar  up  and  up,  so 
very  high,  that  at  last  they  are  even  out  of 
sight,  after  which  they  again  come  down 
by  degrees,  and  often  to  the  spot  from 
which  they  rose,  where  the  nest  is.  It  is  a 
fine  sight  to  see  the  buzzard  soaring  about 
in  circles  over  head,  or  the  swallow  skim- 
ming over  a  stream  or  lake,  every  now  and 
then  just  touching  the  water  with  its  breast, 
as  it  has  stooped  to  catch  a  fly  upon  the 
water.  It  is  also  very  pleasant  to  see  the 
owl  prowling  about  in  the  dusk  of  the  even- 
ing in  search  of  mice,  which  it  chiefly  lives 
on,  and  so  is  very  useful,  and  then  on  a 
sudden  pouncing  down  to  seize  one  which 
it  has  found. 

Something  in  the  same  way,  but  far 
more  interesting  to  watch,  is  to  see  the 
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elegant  sea-swallow  stop  short  in  its  flight, 
and  plunge  right  straight  down  into  the 
sea  to  catch  any  small  fish  it  has  espied 
from  above.  Then  as  to  the  swiftness  of 
some :  it  has  been  found  that  the  peregrine 
falcon  has  flown  at  the  rate,  as  has  been 
thought,  of  one  hundred  and  fifty  miles  an 
hour.  The  young  are  sometimes  fed  by 
the  one  bird  dropping  prey  from  a  great 
height  in  the  air  to  its  partner  flying  about 
the  nest,  by  whom  it  is  caught  as  it  falls. 
I  might  tell  you  much  also  about  the 
carrier  pigeon,  and  the  great  use  it  has 
often  been  of,  in  taking  letters  tied  under 
its  wing  from  one  place  to  another ;  but 
I  have  not  room  left  for  more. 


THE  KINDS  OF  BIRDS. 

You  may  not  have  thought  that  there 
are  so  many  different  kinds  of  birds  as 
there  are,  but  as  many  as  ten  thousand  or 
more  have  been  discovered  and  described, 
some  of  them  in  one  country  and  others  in 
another,  all  over  the  world  ;  some  indeed 
in  many  countries,  and  some  in  fewer, 
but  scarcely  any,  in  all.  Not  a  twen- 
tieth part,  that  is  to  say,  less  than  four 
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hundred  of  them,  are  found  in  England. 
Every  one  of  these  birds  has  its  own 
name  given  to  it  by  naturalists,  and  often 
one,  if  possible,  that  may  tell  something 
about  it  by  which  it  may  be  known.  They 
have  indeed,  at  least  many  of  them  have, 
other  common  names  by  which  country 
people  call  them ;  but  the  names  I  am  now 
speaking  of  are  in  Latin,  or  in  words  made 
up  of  Latin  and  Greek.  These  are  some 
of  what  are  called  the  dead  languages, 
that  is,  languages  which  are  not  now 
spoken  by  the  people  of  any  country  in  the 
world,  though  indeed  one  or  two  modern 
languages,  such  as  Italian  and  the  pre- 
sent Greek,  are  a  good  deal  made  up  of 
them. 

And  you  will  at  once  see  that  it  is 
much  the  best  wray  to  make  use  of  these 
old  languages  in  natural  history,  because 
otherwise  the  people  of  one  country  would 
not  know  a  bird,  for  instance,  in  the  lan- 
guage it  was  ever  so  well  known  by  in 
another.  Thus,  an  English  name  would 
not  be  known  in  Russia,  nor  a  French  one 
in  Persia,  nor  a  Spanish  one  in  Denmark. 
So  you  see  how  well  it  is  for  this  purpose 
to  learn  Latin  and  Greek,  as  indeed  for 
other  useful  ends  also. 
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But  it  is  not  enough  that  each  bird  should 
have  its  own  proper  name  :  they  have 
to  be  arranged  in  different  classes  and  other 
divisions  for  the  purpose  of  study  and  of 
description. 

Birds  then  are  divided  by  naturalists 
into  eight  principal  Orders,  namely  the 
Birds  of  Prey,  the  Perchers,  the  Climbers, 
the  Dove  kind,  the  Scratchers,  the  Bun- 
ners,  the  Waders,  and  the  Swimmers. 

First,  of  the  Birds  of  Prey  there  are 
the  vultures,  the  buzzards,  the  eagles,  the 
falcons,  the  hawks,  the  harriers,  and  the 
owls ;  and  of  each  and  all  of  these  there 
are  many  kinds. 

The  Perchers  are  very  numerous,  in- 
cluding the  hornbills,  the  plantain-eaters, 
the  crows,  the  birds  of  paradise,  the  star- 
lings, the  finches,  the  grosbeaks,  the 
tanagers,  the  sparrows,  the  buntings,  the 
larks,  the  bullfinches,  the  crossbills,  the 
shrikes,  the  fly  catchers,  the  thrushes,  the 
wagtails,  the  titmice,  the  robins,  the  wrens, 
the  creepers,  the  honey-eaters,  the  hum- 
ming-birds, the  sun-birds,  the  hoopoes, 
the  bee-eaters,  the  kingfishers,  the  rollers, 
the  swallows,  and  the  goatsuckers. 

Then,  of  the  Climbers,  there  are  the 
toucans,  the  parrakeets,  the  cockatoos,  the 
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parrots,  the  macaws,  the  wrynecks,  the 
cuckoos,  and  the  woodpeckers. 

Next  comes  the  Dove  kind,  of  which 
is  the  dodo,  a  most  curious  sort  of  bird 
which  now  no  longer  exists,  but  used  to 
be  found  in  some  of  the  Eastern  islands, 
not  quite  three  hundred  years  ago.  It  was 
bigger  than  a  swan,  and  weighed  some- 
times as  much  as  fifty  pounds.  Their 
wings  were  very  short,  so  that  the  bird 
was  quite  unable  to  fly,  and  in  the  course 
of  a  few  years  all  of  them  were  too  easily 
destroyed  by  the  sailors  who  came  to  the 
islands,  but  perhaps  it  was  for  food.  In 
place  of  the  wing  feathers,  they  had  only 
a  few  soft  plumes  like  those  of  the  ostrich, 
and  the  feet  were  very  short  and  strong.  It 
is  thought  that  they  belonged  to  the  family 
of  the  pigeons  ;  after  these  are  the  ground 
pigeons,  and  then  the  pigeons. 

Next  in  order  come  the  Scratchers,  such 
as  the  guans,  the  curassows,  the  brush- 
turkeys,  the  mound-birds,  the  peacocks, 
the  pheasants,  the  guinea  fowls,  the  tur- 
keys, the  sand-grouse,  the  quails,  the  par- 
tridges, the  grouse,  the  jungle-fowl,  and 
the  tinamous. 

After  them  are  the  Runners,  to  which 
belongs  the  apteryx,  a  most  curious  bird, 
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found  of  late  years  in  New  Zealand,  but 
unknown  before.  They  have  no  wing 
feathers,  but  are  covered  all  over  with 
soft  downy  plumage.  Akin  to  these  were 
some  great  birds,  as  much  as  fourteen 
feet  at  least  in  height,  which  were  formerly 
plentiful  in  those  islands,  and  very  possi- 
bly may  still  exist  in  some  remote  parts  of 
them.  Numbers  of  their  eggs  and  of  their 
bones  have  been  found  well  preserved  in 
the  deep  sand.  Another  still  more  gigantic 
bird,  which  was  twice  the  size  of  an  ostrich, 
also  lived  in  the  great  island  of  Madagascar, 
and  the  eggs  and  some  of  the  bones  have 
of  late  been  found  there  ;  this  is  the  one 
of  whose  egg  I  have  before  spoken.  Then 
there  are  the  ostriches,  which  also  are 
wingless,  but  can  run  very  fast,  even  faster 
I  believe  than  a  horse. 

Following  are  the  Waders,  and  very 
many  kinds  of  them  ;  the  trumpeters,  the 
cranes,  the  bustards,  the  thick-knees,  the 
coursers,  the  pratincoles,  the  plovers,  the 
turnstones,  the  boat-bills,  the  bitterns, 
the  herons,  the  storks,  the  ibises,  the 
spoonbills,  the  avocets,  the  sandpipers, 
the  curlews,  the  snipes,  the  phalaropes, 
the  rails,  and  the  coots. 

Lastly,  the    Swimmers,  also  of  many 
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kinds  ;  among  which  are  classed  the 
flamingoes,  the  geese,  the  swans,  the 
ducks,  the  pochards,  the  mergansers,  the 
petrels,  the  gulls,  the  tropic-birds,  the 
gannets,  the  frigate-birds,  the  cormorants, 
the  pelicans,  the  divers,  the  grebes,  and 
the  guillemots. 


THE   HABITS    OF   BIRDS. 

Every  kind  of  bird  has  habits  of  its 
own,  and  more  or  less  different  from 
those  of  others.  You  may  readily  sup- 
pose, then,  from  merely  the  names  which 
I  have  just  given  you  of  their  principal 
Orders  and  Families,  that  it  would  take 
volumes  upon  volumes  (and  indeed  there 
are  such  already),  to  describe  the  several 
habits  of  each. 

I  cannot  therefore,  in  so  very  small  a 
book  as  this,  even  attempt  to  do  so  ;  but 
there  is  one  habit  common  to  all  birds 
which  I  wish  to  say  a  few  words  about, 
and  it  is  one  of  which  you  may  at  once 
be  able  to  understand  all  that  can  be  said, 
— I  mean  their  love  of  liberty.  It  is  a 
cruel  thing  to  shut  up  wild  birds  in  cages, 
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often  too  so  sadly  small,  and  only  for  our 
own  pleasure. 

If,  indeed,  birds  have  been  born  in 
captivity,  it  would  be  wrong  to  let  them 
out,  because,  haying  been  used  from  their 
birth  to  be  fed,  they  would  not  be  able 
to  forage  for  themselves.  But  I  should 
be  very  glad  to  see  all  others  that  have 
been  caught  and  confined  let  fly  awray  to 
be  happy  in  the  open  air  and  fields.  I 
hope  all  who  can  will  do  so,  and  I  am 
sure  they  themselves  will  be  glad  of  it 
afterwards. 

It  is  also  a  very  good  thing  to  do,  to 
feed  the  poor  birds  in  hard  weather  in 
winter,  when  they  cannot  find  food  for 
themselves  on  account  of  the  frost  and 
snow.  I  have  a  small  board  on  the  top 
of  a  pole  in  front  of  my  house,  so  that 
the  cats  and  dogs  cannot  get  at  the  food 
I  put  there  for  the  birds,  and  I  have  a 
small  hoop  fixed  over  it,  from  the  middle 
of  which  I  have  a  short  piece  of  string 
hanging  down,  to  hold  a  small  bit  of 
meat  which  the  tomtits  come  to  ;  and 
it  is  very  pretty  to  see  them  hanging 
to  it,  and  swinging  about  in  all  sorts 
of  ways.  I  have  also  another  board 
fastened  on  to   the   ledge    of  my  study 


358  BIRDS, 

window,  on  which  I  put  some  small 
crumbs  night  and  morning,  and  I  can 
see  the  birds  feeding  almost  close  to 
me,  as  I  sit  at  my  table  writing  or 
reading.  Any  such  board  should  have  a 
little  ledge  round  it  to  keep  the  crumbs 
from  falling  off.  This  morning,  though 
the  weather  is  quite  fine  and  no  snow  on 
the  ground,  I  have  had  chaffinches  on  it, 
the  oxeye,  the  blue  titmouse,  the  robin, 
and  the  sparrow;  and  I  have  often  had 
other  kinds,  such  as  the  blackbird,  the 
thrush,  and  the  dunnock  or  hedge- 
sparrow. 

And  one  other  word  I  would  say.  I 
hope  none  of  the  girls  who  may  read 
these  pages  will  ever  use  the  feathers  of 
birds  as  ornaments  of  dress,  for  it  is  sad 
to  think  what  numbers  of  birds  are  sacri- 
ficed for  this  purpose,  and  often  even 
when  they  have  young,  so  that  the  poor 
young  birds  must  be  starved  to  death.  I 
feel  sure  you  would  be  pained  to  be  the 
cause  in  any  way  of  such  cruelty,  and  I 
ask  you  to  make  a  rule  that  you  will 
never  use  any  head-dress  of  the  kind,  but 
let  the  birds  wear  their  feathers  them- 
selves. 
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THE  USE  OF  BIRDS. 

We  are  very  sure  that  whatever  was 
made  by  the  Great  Creator  was  for  some 
good  and  wise  purpose  and  end.  This  we 
can  see  in  the  plainest  possible  manner 
in  tens  of  thousands  upon  thousands  of 
instances  ;  and  in  those  cases  where  we 
cannot  see  what  that  use  is,  we  well 
know  that  it  is  only  owing  to  our  own 
ignorance,  and  that  if  our  knowledge 
were  not  so  limited,  we  should  see  that 
there  is  no  one  single  creature  of  all  the 
vast  numbers  there  are  that  is  not  of 
some  use,  or  rather  in  fact  of  many  uses, 
some  directly  to  us,  and  others  to  other 
creatures,  and  no  doubt  in  further  ways. 

We  can  see  enough  ourselves  of  the  use 
that  some  are,  to  tell  us  that  we  may  well 
believe  that  so  it  is  with  all  others. 

Some  birds  in  hot  countries,  such  as 
vultures  and  others,  are  of  more  evident 
and  great  use  in  devouring  much  that 
would  otherwise  be  of  injury  to  the  health 
of  the  people,  who  therefore  wisely  pro- 
tect them,  and  will  not  allow  them  to  be 
hurt  or  destroyed.  Others,  such  as  the 
secretary  bird,  and  many  of  the  hawks 
and  eagles,  devour  snakes,  and  so  are  the 
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means  of  keeping  their  numbers  within 
bounds.  Then  that  common  bird,  the 
rook,  which  we  see  every  day  in  num- 
bers, is  very  valuable  to  farmers  by 
destroying  numberless  insects  or  their 
caterpillars,  which  if  not  thus  kept  under 
would  do  untold  damage  to  the  crops. 

In  like  manner  a  very  pretty  bird,  the 
red- winged  starling,  which  is  exceedingly 
numerous  in  North  America,  destroys 
almost  inconceivable  quantities  of  insects. 


THE   BIRDS  AT   HOME. 

Now  no  one  has  ever  seen  all  these 
kinds  of  birds  I  have  been  speaking  of, 
for  some  belong  only  to  one  country  and 
others  to  another,  while  some  of  them 
too  are  very  rare,  and  cannot  be  met 
with  but  in  the  most  remote  places  and 
very  difficult  of  any  approach,  and  others 
perhaps  far  out  at  sea,  at  the  time  that  a 
person  might  be  able  to  look  for  them. 
I  think  no  one  could  have  a  greater  wish 
than  I  have  had  to  visit  such  countries, 
and  see  their  birds  and  animals,  so  differ- 
ent from  our  own,  in  their  native  haunts. 
But  I  have  not  been  able  to  do  so,  and 
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I  am  quite  sure  that  whatever  is  thus 
ordered  for  us  is  for  the  best.  How  easy 
it  is  to  think  that  one  might  have  lost 
one's  life  in  travelling  in  some  distant 
land,  or  met  with  an  accident,  the  effects 
of  which  would  never  he  got  over. 

Then  you  see  there  are  books  of  travels 
which  tell  us  all  about  those  foreign  coun- 
tries, and  volumes  of  natural  history  which 
describe  the  birds  and  animals  and  fishes 
and  insects  which  are  found  in  them,  so 
that  we  may  learn  all  about  them  while 
we  "live  at  home  at  ease." 

You  may  be  very  sure  then  that  we  are 
best  as  we  are  ;  and  we  can  always  find 
pleasure,  when  we  have  time  to  spare  to 
do  so,  in  observing  the  birds  and  plants 
and  trees  and  flowers,  and  any  other 
works  of  nature,  which  are  to  be  met 
with  on  every  side  of  us  and  all  around,  in 
their  several  seasons  at  different  times 
of  the  year. 

I  have  often  said  to  myself  that  if  some 
tyrant  were  to  confine  me  for  the  rest  of 
my  life  within  the  bounds  of  my  own 
garden,  I  should  care  very  little  about 
it ;  for  I  think  one  can  be  happy  any- 
where, if  we  make  up  our  minds  to  be 
contented  with  "  that  state  of  life  unto 
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which  it  shall  please  God  to  call  us  ;  " 
and  I  am  also  very  sure  that  the  quiet 
pleasures  of  the  country  are  enough  for 
any  one,  and  that  there  is  far  more 
happiness  in  them  than  in  any  others. 
Good  books  too  are  always  good  com- 
panions, which  we  can  have  everywhere 
and  in  any  number,  and  the  more  quietly 
we  live  the  more  we  can  read  and  enjoy 
them. 


FLOWERS. 

BY    REV.    G.   HENSLOW,   M.A.,   F.L.S.,    F.G.S. 


THE  PLANT  AND  ITS  PAETS. 

To  study  wild  flowers,  it  is  not  enough 
to  read  about  them.  You  must  always 
examine  the  living  plants  ;  so  first  get 
those  which  are  described  in  this  little 
book,  and  look  at  them  carefully  while 
you  read  it. 

One  of  the  earliest  spring  flowers  is 
called  the  Lesser  Celandine.  It  is  an 
early-flowering  kind  of  Buttercup.  Pull 
it  up  by  the  roots. 

The  root  consists  of  a  bundle  of  thick, 
juicy  clubs  (called  tuberous  roots),  mixed 
with  some  fine  threads  (called  fibrous  roots 
or  rootlets).  The  latter  serve  to  draw  up 
moisture,  and  several  things  dissolved  in 
it,  upon  which  the  plant  partly  feeds  ;  but 
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the  clubs  are  little  store-rooms  full  of  its 
food  laid  by  last  year.  If  you  examined 
them  after  the  plant  had  flowered,  you 
would  find  they  had  shrivelled ;  while 
other  clubs  would  begin  to  form  around 
them  in  the  summer  for  next  year's  use  ; 
or  they  may  become  detached,  and  so  grow 
into  several  distinct  plants. 

The  leaves  arise  from  a  very  short  stem, 
so  that  they  seem  to,  but  do  not  really, 
come  from  the  root.  A  leaf  has  two  parts, 
the  stalk  and  the  blade.  The  former 
widens  at  the  base,  and  so  protects  a 
little  bud  growing  in  its  corner  or  axil. 
The  buds  of  this  plant,  especially  if  it 
has  grown  in  the  shade,  sometimes,  but 
not  often,  drop  off,  and  grow  into  new 
plants,  and  are  a  kind  of  bulb  ;  but  bulbs 
are  buds  which  are  generally  produced 
underground,  as  by  a  tulip  or  snowdrop. 
The  blade  is  the  flat  green  part  of  the 
leaf,  and  as  the  stalk  carries  but  one 
blade,  it  is  called  a  simple  leaf. 

The  leaf  is  one  of  the  most  important 
parts  of  a  plant,  for  by  means  of  it  the 
plant  digests  its  food,  which  has  been 
partly  drawn  up  by  the  roots  dissolved  in 
water  ;  but  it  also  takes  in  and  lives  upon 
the  impure  air  (called  carbonic  acid  gas) 
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which  we  breathe  out  of  our  lungs  ;  and 
as  long  as  there  is  sunlight,  leaves  and 
other  green-coloured  parts  continue  to 
purify  bad  air  by  breathing  out,  in  ex- 
change, the  pure  air  (oxygen)  which  we 
breathe  in.  But  this  only  goes  on  during 
the  day.  At  night  plants  breathe  as  we 
do  ;  so  that  it  is  very  useful  to  have  plenty 
of  trees  and  shrubs  in  a  town  ;  but  it  is 
bad  to  sleep  in  a  room  with  many  green 
plants  in  it,  or  with  many  strong- scented 
flowers. 

Now  gather  a  flower :  look  at  it  upside- 
down  ;  you  will  see  three  little  greenish- 
yellow  parts.  Pull  fchem  off,  place  them 
in  a  sheet  of  paper  by  themselves,  and 
write  under  them — "  The  three  Sepals  of 
the  Calyx.]''  Next,  you  will  count  about 
eight  bright  yellow  parts.  Eemove  them, 
and  write  under  them — "  The  eight  Petals 
of  the  Corolla."  As  the  sepals  are  all 
alike,  and  the  petals  all  alike,  we  say 
of  the  calyx  and  of  the  corolla  that  they 
are  each  regular.  Observe  a  little  hollow, 
with  what  looks  like  a  tiny  petal  in  front 
of  it  near  the  bottom  of  each  petal,  which 
often  has  a  drop  of  fluid  in  it.  This  is 
called  a  Gland.  Now  remove  the  small 
yellow  stick-like  bodies.     Each  of  these 
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is  called  a  Stamen.  The  yellow  top  is 
made  of  two  longish  bags  standing  back 
to  back,  and  which  burst  down  their  sides. 
They  are  called  the  two  cells  of  the  Anther, 
while  the  stalk  which  carries  it  is  the 
Filament.  When  the  bags  burst,  a  yellow 
powder  falls  out :  this  is  called  Pollen. 
Place  all  the  stamens  together,  and  write 
under  them — "  The  Stamens,  each  being 
made  up  of  a  Filament  which  bears  the 
Anther,  whose  cells  shed  Pollen."  There 
yet  remains  one  more  part  of  the  flower, 
called  the  Pistil.  This  is  made  up  of  a 
great  many  little  green  bag-like  bodies 
with  rough  tips  to  them.*  You  will  re- 
quire to  magnify  them  a  little.  Each  is 
called  a  Carpel ;  and  in  the  lower  part  of 
each,  called  the  Ovary,  is  a  little  body,  or 
ovule,  which  in  time  would  become  a  seed, 
though  it  often  fails  to  ripen. 

The  swollen  end  of  the  flower-stalk 
wrhich  carries  the  flower  is  called  the 
receptacle.  Place  the  pistil  on  the  paper, 
and  write  below  it — "  The  Pistil,  made 
up  of  many  separate  Carpels."  If  you 
can  draw,  try  to  copy  a  sepal,  a  petal, 
a   stamen,    and   a   carpel.      Indeed,   you 

*  A  small  pocket  lens  and  a  sharp  penknife  will  be 
found  useful  in  dissecting  plants. 
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should   learn    to    draw   everything    you 
examine. 

These  four  parts,  or  Calyx,  Corolla, 
Stamens,  and  Pistil,  are  called  the  Floral 
Whorls. 


II. 

THE  USES  OF  THE  PAETS  OF  THE  FLOWEE. 

Let  us  now  see  what  are  the  uses  of  all 
these  parts.  The  calyx  was  of  use  before 
the  flower  opened,  as  it  was  green,  and 
its  three  sepals  wrapped  up  the  young 
stamens  and  protected  them.  The  corolla 
is  now  of  use,  for  it  makes  the  flower  very 
bright,  and  easily  seen  by  bees,  which 
come  to  suck  the  honey  from  the  glands 
of  the  petals.  The  stamens  shed  the 
dust-like  pollen  from  their  anthers  ;  and 
the  powdery  pollen  is  a  most  important 
substance,  for  without  it  there  can  be  no 
seed;  for  it  is  found  that  this  pollen 
must  fall  on  to  the  tip  of  each  carpel, 
which  you  can  see  looks  rough,  and  which 
is  called  the  Stigma ;  it  is  also  sticky,  so 
as  to  catch  and  retain  the  pollen  upon  it. 
While  there,  it  has  a  remarkable  effect 
upon  the  ovule  inside  the  ovary  below, — 
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that  is,  the  young  seed;  and  unless  the 
pollen  do  fall  on  the  stigmas,  the  carpels 
will  shrivel  up,  and  the  ovules  perish  with 
them.  But  if  it  fall  on  the  stigmas,  though 
all  the  rest  of  the  flower  will  fall  off,  the 
little  carpels  will  remain,  and  grow  bigger 
and  bigger  ;  so  that  when  a  Buttercup  has 
ugone  to  s.eed,"  you  can  take  the  little 
round  heads,  and  by  slightly  rubbing 
them,  all  the  now  ripened  carpels  will  be 
detached,  and  each  one  will  be  found  to 
contain  a  seed  within  it.  Each  of  such 
seed-like  fruits  is  called  an  achene  (pro- 
nounced aJceen). 


III. 

OTHER   KINDS    OF   BUTTERCUPS. 

If  you  begin  to  learn  Botany  later  in  the 
year,  you  should  take  up  by  the  roots  a 
true  Buttercup,  having  found  one  which 
has  a  solid  bulb*  or  corm,  from  which  the 
roots  hang  below,  and  with  leaves  growing 
from  the  top.  The  corm,  like  the  club- 
shaped  roots  of  the  Lesser  Celandine,  is 
formed  during  the  summer,    as  a  store- 

*  For  a  description  of  a  Bulb  see  chap.  xii. ,  p.  385. 
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house  of  nourishment  for  the  next  year's 
flowers.  The  blade  looks  as  if  it  were 
nearly  cut  into  several  pieces  called 
segments,  and  is  hairy ;  so  does  not  at  all 
resemble  the  Celandine,  which  is  quite 
smooth.  As,  however,  the  parts  of  the 
blade  are  all  joined  below,  it  is  still  a 
simple  leaf. 

Now  examine  the  flower.  The  stalk 
is  furrowed.  The  sepals  are  five,  and 
bent  back  upon  the  stalk  The  corolla 
has  five  petals,  each  with  a  little  gland 
at  the  base,  forming  a  little  depression  as 
in  the  Celandine.  The  stamens  and  pistil 
are  also  much  the  same  as  in  that  flower. 

Many  Buttercups  are  a  good  deal 
taller  than  this  "  bulbous "  one.  You 
may  know  them  at  once,  not  only  by 
their  height,  but  by  having  the  sepals 
not  bent  bach  upon  the  stalk.  The  stalk, 
too,  is  not  furrowed,  but  round  and 
smooth.  The  leaves  are  larger ;  and  if 
you  lay  one  of  them  on  a  sheet  of  paper, 
and  draw  pencil  lines  from  tip  to  tip  of 
the  segments,  it  will  make  a  five-sided 
figure.  Lastly,  there  is  no  corm,  but  a 
rootstock,  or  short  thick  stem  covered 
with  the  withered  leaf-stalks  of  last  year's 
growth. 

24 
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A  fourth  kind  of  Buttercup  is  often 
found  in  waste  places,  and  may  be 
known  by  its  having  long  runners  like 
a  Strawberry.  These  are  long  branches 
which  strike  root  and  then  throw  up 
leaves,  and  so  form  a  great  number  of 
separate  young  plants. 

Now,  these  four  kinds  of  Buttercup 
may  always  be  known  by  the  peculiari- 
ties I  have  stated;  and  botanists  say 
they  are  so  many  species  of  one  genus. 
The  name  Banunoulus,  or  Buttercup, 
is  that  of  the  genus,  while  the  "  Lesser 
Celandine/'  the  "  bulbous,"  the  "field," 
and  the  "  creeping  "  Eanunculus  are  sepa- 
rate species  of  Buttercup. 

There  are  many  other  plants  which 
agree  with  the  Buttercup  in  having  a 
large  number  of  stamens,  and  mostly  with 
several  carpels.  Such  are  the  Traveller's 
Joy,  the  Wood  Anemone,  the  Pheasant's 
Eye,  the  Marsh  Marigold,  the  Aconite, 
and  the  Columbine ;  and  though  they 
differ  very  much  in  their  calyces  and 
corollas,  yet  all  agree  in  the  above  par- 
ticulars. Nearly  all,  too,  have  "  divided  " 
leaves  with  sheathing  stalks,  and  all  are 
more  or  less  poisonous,  especially  the 
deadly  Monkshood  or  Aconite.     All  these 
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plants,  having  so  much  in  common, 
botanists  group  together,  and  say  they 
make  a  family  of  which  each  of  the 
above-named  is  a  genus. 


IV. 

THE     GAEDEN     PEA. 

Now  take  a  Pea  blossom.  The  garden  or 
sweet-pea  will  do,  or  the  small  yellow 
pea  of  the  meadows.  This  plant  has  a 
much  branching  fibrous  root.  Its  leaves 
are  compound,  as  they  have  more  than 
one  blade.  At  the  base  of  the  leaf-stalk, 
and  attached  to  it,  are  two  extra  blades 
of  different  shape  from  the  others.  These 
are  called  stipules,  while  the  upper  ends 
of  the  leaf-stalk  are  changed  into  tendrils; 
each  of  the  twisted  thread-like  branches 
stands  in  the  place  of  a  blade.  The  use 
of  the  tendril  is  to  climb  with,  and  so 
enable  the  weak  stem  to  stand  upright. 
To  do  this,  the  leaf  is  in  constant  motion, 
going  round  and  round  by  bowing  in  all 
directions,  so  as  to  enable  the  tendril  to 
reach  neighbouring  objects.  As  soon  as 
any  one  of  its  little  branches  rubs  against 


372  FLOWERS. 

a  twig,  it  begins  to  curl  round  and  round 
it  till  it  has  fastened  the  pea  tight  to  the 
twig. 

Now  let  us  examine  a  flower.  The 
sepals  differ  from  those  of  the  Buttercup 
in  being  joined  together,  or  are  said  to 
cohere  by  their  edges :  the  five  little 
points  show  how  many  sepals  there  are 
thus  cohering.  The  five  petals  are  quite 
free,  and  as  they  have  peculiar  shapes, 
receive  special  names.  The  largest,  at 
the  back,  is  called  the  Standard;  the 
two  below  it,  one  being  on  each  side, 
are  the  Wings  ;  while  the  two  lowermost, 
and  wThich  cohere  slightly  along  their 
lower  edges,  form  together  the  Keel. 
Eemoving  the  petals,  you  will  find  ten 
stamens,  one  on  the  upper  side  being 
free,  while  the  other  nine  are  coherent 
by  their  filaments;  the  tips  of  which, 
however,  are  free,  as  well  as  the  ten 
anthers.  The  ovary  of  the  pistil  is  shut 
up  within  the  tube  thus  formed  by  the 
filaments.  It  is  prolonged  upwards  into 
the  Style,  which  ends  with  the  stigma. 
The  pistil  consists  of  a  single  carpel  only. 
When  the  flower  fades,  the  calyx  remains, 
but  the  petals  fall  away,  The  single 
carpel   enlarges,   and   becomes  the  well- 
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known  pod;  while  its  several  ovules 
turn  to  pease.  If  a  pea,  bean,  or  almond 
be  soaked  in  water,  so  as  to  remove  the 
Seed-skin,  the  young  plant,  or  Embryo, 
is  seen. 

The  Pea  blossom  differs  much  from 
the  Buttercup  ;  first,  in  the  sepals  being 
coherent ;  secondly,  in  the  petals  being 
of  different  shapes.  When  any  whorl  is 
composed  of  differently-shaped  parts,  it 
is  called  irregular.  Then,  again,  while 
the  Buttercup  has  many  free  stamens, 
the  Pea  has  ten,  of  which  nine  are  co- 
herent. Lastly,  the  pistil  of  the  Butter- 
cup has  several  free  carpels,  each  with 
one  ovule.  The  Pea  has  only  one  carpel, 
but  it  contains  many  ovules.  Now  just 
as  we  saw  several  genera  agreed  with  the 
Buttercup  in  some  points,  and  so  formed 
the  Banunculus  or  Buttercup  family,  so  a 
very  large  number  of  plants, — some  tiny 
herbs,  as  the  clovers,  others  gigantic 
trees, — have  their  flowers  almost  exactly 
like  the  Pea ;  so  they,  too,  form  the  "Pea 
family."  It  is  one  which  supplies  man- 
kind with  more  useful  products  than  any 
other  family  of  the  whole  vegetable  king- 
dom, which  contains  some  hundreds  of 
families,  each  composed   of  genera,  and 
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the  genera  of  species.  The  Pea  family- 
has  many  very  nutritions  and  wholesome 
seeds,  as  Pease,  Beans,  Lentils,  etc. ; 
medicines,  as  Senna  and  Tamarinds ; 
dyes,  as  Logwood  and  Indigo ;  besides 
fibres,  timber,  gums,  resins,  and  other 
things  innumerable. 

Other  genera  of  the  Pea  family  are  the 
Gorse,  or  Furze,  Broom,  Best-harrow, 
Clovers,  Vetches,  Lucerne,  Sainfoin, 
Melilot,  and  Pea. 


THE      STRAWBERRY. 

The  Strawberry  plant  is  remarkable  for 
its  long  runners,  which  are  branches  with 
very  long  internodes,  or  parts  without 
leaves,  and  which  strike  root  at  the  nodes 
or  joints  where  the  leaves  arise ;  and 
these  give  rise  to  buds,  which  grow  up 
into  new  plants,  finally  separating  them- 
selves from  the  "parent  plant"  by  the 
decay  of  the  internodes. 

As  in  the  Pea,  the  calyx  of  the  Straw- 
berry has  five  coherent  sepals,  and  in 
addition  carries  five  small  bracts  outside. 


THE    STRAWBERRY.  375 

By  cultivation,  the  number  of  sepals 
and  petals  are  often  increased.  The 
petals  are  properly  five,  but  the  stamens 
are  too  many  to  count.  Now  particularly 
observe  that  the  petals  and  stamens  do 
not  rise  out  of  the  receptacle,  as  in  the 
Buttercups,  but  from  the  calyx,  round  the 
border  of  an  orange-coloured  dish  which 
secretes  honey.  When  different  whorls 
thus  unite,  they  are  said  to  adhere.  It 
was  really  the  same  in  the  Pea,  but  it  is 
not  so  easy  to  see,  in  that  flower,  the 
adhesion  of  the  corolla  and  stamens  to 
the  calyx.  The  pistil  resembles  that  of 
the  Buttercup,  for  it  is  also  composed 
of  a  great  many  seed-like  carpels.  The 
receptacle  is  also  raised  ;  and  when  it 
passes  into  a  fruit,  it  swells  very  much, 
becomes  globular,  and  turns  scarlet,  while 
the  now  ripened  achenes — popularly  called 
"  seeds" — stand  further  apart  in  little 
depressions,  and  appear  scattered  over 
the  juicy  red  receptacle  which  you  call 
the  Strawberry  fruit. 
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VI. 

THE    DOG   KOSE. 

A  kose  is  a  woody  shrub.  It  has  com- 
pound leaves,  and  stipules  like  little  wings 
attached  to  the  leaf-stalks. 

Observe,  the  flower-stalk  is  swollen 
under  the  flower ;  and  if  vou  cut  the 
flower  down  through  the  middle,  it  will 
be  found  that  the  stalk  is  hollow,  and  thus 
forms  a  cup,  called  the  receptacular  tube. 
The  -five  free,  that  is,  not  coherent  sepals, 
the  five  free  petals,  and  the  large  number 
of  stamens,  all  spring  from  the  rim  of  the 
cup,  which  is  lined  by  an  orange  disk. 
The  separate  carpels,  as  in  the  Straw- 
berry, are  seed-like,  but  with  long  styles. 
They  are  fixed  to  the  bottom  and  sides  of 
the  cup-like  receptacle  ;  so  that  while  in 
the  Strawberry  the  receptacle  is  raised 
into  a  globe  above  the  calyx,  in  the  Rose 
it  is  hollowed  out  of  the  stalk,  beloiv  the 
calyx,  and  forms  the  scarlet  "hip  "  when 
ripe. 
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VII, 

APPLE    OR   PEAR. 

Examine  an  Apple  or  Pear  blossom. 
There  is  here  also  a  thickened  top  to 
the  flower-stalk,  with  five  coherent  sepals 
springing  from  the  summit.  Now  cut 
the  thick  stalk  across,  through  the  part 
just  below  the  calyx,  and  you  will  find 
that  it  is  not  so  hollow  as  was  the  flower- 
stalk  of  the  Rose ;  it  is  nearly  filled  up 
with  soft  tissue,  in  which  are  embedded 
the  five  carpels.  This  is  better  seen  in  a 
ripe  Apple  or  Pear,  in  which  the  star-like 
"core"  (that  is,  the  five  carpels,  with 
two  pips  or  seeds  in  each  ovary)  is  plunged 
into  the  juicy  tissue  of  the  swollen  stalk. 
The  styles  and  stigmas  are  elevated  more 
or  less  above  the  level  of  the  calyx,  while 
the  petals  and  stamens  are  all  adherent 
to  the  rim  of  the  saucer-like  calyx. 

When  a  fruit  has  the  calyx  and  often 
the  stamens  withered  on  its  summit,  as 
in  Apples,  Pears,  Currants,  and  Goose- 
berries, it  is  called  inferior,  for  it  appears 
to  be  below  the  calyx.  If,  however,  the 
ovary  has  never  been  sunk  into  a  hollow 
receptacle,  it  will,  of  course,  remain  above 
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and  quite  free  from  the  calyx.  Such  a 
fruit  is  called  superior,  and  can  never 
carry  the  withered  calyx  at  the  top. 
Oranges,  Grapes,  Cherries,  and  Plums  are 
examples.  Such  juicy  fruits  are  called 
"  superior  berries"  while  Currants  and 
the  like  are  called  "  inferior  berries." 


VIII. 

THE    PLUM. 


The  Plum  belongs  to  the  same  family 
as  the  Eose,  Strawberry,  and  Apple,  all  of 
which  agree  in  having  five  sepals,  five 
petals,  and  a  large  number  of  stamens, 
which,  together  with  the  petals,  are  ad- 
herent to  the  calyx.  (In  the  Eose  alone 
are  they  almost  if  not  quite  free.)  It  is 
worth  while  describing  it,  as  it  illustrates 
a  superior  fruit  of  a  remarkable  kind.  In 
the  blossom  of  the  Sloe,  Plum,  or  Cherry, 
— for  they  are  three  species  of  the  same 
genus, — the  calyx  has  its  five  sepals  co- 
herent, but  the  little  "  cup  "  (the  word 
calyx  being  the  Latin  for  "  cup  ")  is  quite 
free  from  the  single  carpel  which  stands 
at  the  bottom  of  it.     As  the  ovary  swells 
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to  become  the  plum,  the  withered  calyx 
becomes  detached,  and  is  squeezed  off  the 
top  of  the  ovary  like  a  cap,  and  in  doing 
so  protects  the  young  ovary  from  the 
nipping  frosts  of  spring.  When  the  single 
carpel  has  ripened  into  the  plum,  it  will 
be  found  to  consist  of  a  fleshy,  eatable 
part,  protected  by  a  skin,  and  having  a 
stony  inner  part, — the  three  parts,  or 
layers,  having  been  formed  out  of  the 
carpel  alone.  The  kernel  is  the  seed, 
and  was  of  course  an  ovule.  Such  a  fruit 
— which  is  a  kind  of  "  superior  berry  " — 
is  called  a  drupe. 

The  Easpberry  and  Strawberry  agree  in 
each  having  several  carpels,  and  are  both 
superior  fruits  ;  but  while  in  the  Straw- 
berry the  little  carpels  dry  up,  and  so 
cling  tight  to  their  single  seeds,  in  the 
Easpberry  they  form  miniature  drupes. 


IX. 

THE    DAISY   AND    DANDELION. 

These  two  plants  belong  to  one  of  the 
largest  of  families  ;  and,  for  comparison, 
get  as  well,  a  Thistle,  a  Cornflower,  and 
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the  garden  Marigold.  Begin  with  the 
Dandelion.  You  see  a  quantity  of  green 
bracts  below  the  yellow  flower  :  these  are 
not  sepals,  because  it  is  not  a  single 
flower,  but  composed  of  a  dense  mass  of 
small  but  perfect  flowers.  Cut  the  Head, 
as  it  is  called,  down  through  the  middle. 
You  can  then  break  it  up  and  pick  out 
the  several  flowers  or  florets.  Take  one 
from  the  outside,  and  observe  these  parts : 
the  ovary  is  inferior,  seemingly  forming 
a  support  to  the  flower.  On  the  top  you 
see  a  ring  of  hairs  :  this  stands  in  the  place 
of  the  calyx,  and  is  called  the  pappus, 
and  forms  afterwards  the  down  of  the 
achene-like  fruits.  The  corolla  rises  from 
the  top  of  the  ovary  from  within  the 
hairs  as  a  tube,  but  soon  spreads  out  like 
a  strap  to  one  side,  and  ends  with  five 
little  points,  which  show  that  it  has  five 
coherent  petals.  There  are  five  stamens ; 
their  filaments  grow  quite  freely  from 
one  another,  but  spring  from — that  is, 
are  adherent  to — the  tube  of  the  corolla. 
Their  anthers  are  very  long,  and  all  five 
cohere  together  into  a  tube  or  cylinder  by 
their  edges,  through  which  the  style,  by 
gradually  growing  upwards,  pushes  its 
wray,  and  so  sweeps  the  pollen  upwards 
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and  out  at  the  top  of  the  anther  tube, 
which  then  falls  upon  other  stigmas  of 
the  florets  around,  or  is  carried  from 
plant  to  plant  by  bees.  The  two  stigmas 
then  separate, — for  they  had  previously 
stuck  together  and  so  prevented  the  pollen 
from  touching  them, — and  now  look  like 
the  letter  Y?  or  like  miniature  ram's-horns. 
All  the  little  florets  are  exactly  alike ; 
and  you  now  see  and  understand  why  the 
Dandelion  is  a  head  composed  of  many 
flowers,  and  consequently  the  family  is 
called  the  "Composite family."  The  Thistle 
differs  from  the  Dandelion  in  that  the 
flowers  are  all  tubes  with  a  regular  five- 
toothed  border ,  and  not  strap-shaped.  The 
Daisy  has  both  kinds.  The  outside  or  ray 
florets  have  strap-shaped  corollas  of  three 
petals  only.  Each  has  a  pistil,  but  no 
stamens.  The  "  eye  "  or  disk  florets,  are 
tubular,  yellow,  and  quite  perfect;  i.e., 
with  both  stamens  and  pistil.  The  Corn- 
flower has  its  disk  florets  tubular  and  per- 
fect ;  but  the  ray  florets  are  tubular,  very 
much  enlarged,  and  with  neither  stamens 
nor  pistil.  Lastly,  the  garden  Marigold, 
like  the  spring-flowering  Coltsfoot,  has  the 
disk  flowers  with  stamens  only,  and  the  ray 
flowers  with  pistil  only. 
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X. 

THE    LILAC  OR   PRIVET. 

These  two  shrubs,  and  the  Ash-tree  and 
European  Olive,  are  members  of  one 
family,  called  the  "  Olive  family.' '  Some 
botanists  add  the  garden  Jessamine  to  it. 
The  calyx  in  these  two  is  a  very  small  cup 
with  four  small  teeth,  or  points,  on  its 
edge,  which  show  that  it  is  made  of  four 
coherent  sepals.  The  corolla,  like  that  of 
all  the  Composites,  has  its  petals  coherent. 
The  four  free  ends  show  their  number. 
Now  cut  open  the  corolla,  when  two 
stamens  only  will  be  seen  adherent  to 
it.  It  can  be  easily  detached,  showing 
that  it  springs  from  the  receptacle,  as  in 
the  Buttercup, — not  as  in  the  Straw- 
berry from  the  calyx,  nor  as  in  the  Dan- 
delion from  the  top  of  the  ovary.  The 
pistil  is  left  behind,  standing  in  the 
middle  of  the  calyx,  as  in  the  Plum,  but 
differs  from  that  one  in  being  composed  of 
two  coherent  carpels,  as  in  the  Dandelion; 
for  this  fact  is  shown  by  there  being  two 
stigmas  in  both  cases.  This  pistil  requires 
further  explanation.  To  understand  its 
structure,  suppose  we  take  two  pea-pods  : 
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place  the  two  edges  together  which  carry 
the  pease.  Now  if  the  pods  he  supposed 
to  be  compressed,  and  to  have  grown 
together,  then  if  they  be  cut  across,  we 
should  see  two  semicircular  chambers  and 
a  row  of  pease  in  each,  attached  to  the 
centre.  Such  is  the  manner  in  which  the 
two  carpels  of  the  Lilac  have  grown 
together. 

The  dry  fruit  of  the  Lilac  is  called  a 
capsule. 


XL 

THE    WILLOW. 


"Willow  trees  differ  from  all  the  plants 
hitherto  considered  in  having  the  stamens 
not  only  in  separate  flowers  from  those 
which  contain  pistils,  but  they  are  on 
separate  trees.  The  clusters  which  blossom 
in  the  spring,  popularly  called  " palms," 
are  named  by  botanists  Catkins.  They 
are  stalks  densely  covered  with  green 
bracts.  There  is  no  trace  of  a  calyx 
(though  the  Poplar,  which  agrees  in  other 
respects  with  the  Willow,  has  one)  or 
corolla,  but  two  or  more  stamens  only 
stand  in  the   axil  of  each  bract  of  the 
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so-called  staminate  catkin.  It  is  similar 
to  the  pistillate  catkins.  They,  too, 
are  composed  of  a  stalk  covered  with 
bracts,  and  in  the  axil  of  each  bract  is  a 
pistil  composed  of  two  coherent  carpels. 
When  they  ripen,  the  catkins  fall  off  and 
look  like  woolly  caterpillars,  for  the  little 
capsules  burst,  and  liberate  their  hairy 
seeds. 

In  front  of  each  pistil,  as  well  as  in 
front  of  the  stamens,  is  a  little  stump-like 
honey-secreting  gland  which  attracts  bees, 
who  thus  carry  the  pollen  from  one  tree 
to  the  other.  The  wTind  also  carries  it  in 
many  cases,  and  bo  fertilises  the  pistils. 

I  will  explain  the  structure  of  the  pistil, 
as  it  is  not  quite  the  same  as  in  the  Lilac. 
Take  two  pea-pods  :  split  them  open,  but 
down  one  edge  only — namely,  that  wrhich 
carries  the  pease  :  half  the  pease  will  be 
found  clinging  to  one  side,  and  half  to  the 
other.  Treat  a  second  pod  in  the  same 
way;  and  now  place  them  face  to  face, 
and  if  the  pairs  of  edges  wdiich  now  meet 
grew  together,  we  should  have  a  pistil 
such  as  that  of  the  Willow. 
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XII. 

WILD    HYACINTH. 

Dig  up  a  plant.  It  has  a  Bulb,  with 
roots,  springing  from  the  lower  side.  A 
bulb  is  a  large  underground  bud,  consist- 
ing of  a  short  thick  stem  covered  with 
leaf-scales,  containing  nourishment,  and 
which  are  the  bases  of  leaves  which  mostly 
have  no  green  tops.  Now,  observe  one 
of  the  inner  scales,  which  bears  a  leafy 
top,  hold  it  up  to  the  light,  and  you  will 
see  the  "  ribs,"  or  "  veins  "  are  straight 
like  transparent  lines  running  side  by  side 
from  one  end  to  the  other ;  and  there  is 
nothing  like  the  network  of  veins  easily 
seen  in  all  the  plants  you  have  hitherto 
examined. 

The  stem  in  the  middle  of  the  bulb 
forms  the  flower  stalk.  Note  the  two 
purple  bracts  at  the  base  of  each  flower. 

The  calyx  and  corolla  are  both  alike, 
and  can  only  be  distinguished  by  there 
being  three  parts  outside  the  other  three, 
so  that  botanists  call  the  six  parts  to- 
gether the  perianth,  and  the  parts  its 
leaves.  Each  leaf  has  a  stamen  adherent 
to  it.     There  is  a  free  superior  pistil :  cut 

25 


386  FLOWERS. 

the  ovary  across,  and  yon  will  easily  see 
it  is  made  of  three  carpels,  just  as  if  you 
pressed  three  pea-pods  together. 


XIII. 

THE    SPOTTED  OECHIS. 

We  will  now  dissect  a  very  curious  flower, 
the  purple  or  spotted  Orchis.  Dig  it  up. 
You  will  find  it  has  two  fleshy  roots 
resembling  the  palm  of  the  hand.  One 
is  formed  every  year,  and  supplies  food 
for  the  next  year's  growth.  It  grows 
from  the  side  of  the  previous  one,  and  so 
the  plants  travel  underground,  a  short 
distance  every  year. 

Pick  off  a  flower  from  the  axil  of  the 
coloured  bract :  it  seems  to  have  a  twisted 
stalk ;  but  this  is  really  the  ovary,  and 
the  flower  grows  upside  down.  The  ovary- 
is  inferior,  i.e.,  sunk  into  a  receptacular 
tube,  though  in  this  case  it  must  be  very 
thin,  not  like  an  apple.  There  are  six 
leaves  to  the  perianth, — three  outer,  which 
you  must  first  remove  ;  then,  two  smaller 
leaves,  arching  over  the  middle  ;  and  one 
large  leaf  call  the  lip,  which  has  three 
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segments  and  a  spur.  There  is  only  one 
stamen,  of  which  the  anther  alone  is  seen 
having  two  large  purple  cells  standing  on 
the  top  of  the  ovary.  A  little  white 
pouch  hangs  over  the  entrance  to  the 
spur.  There  is  no  style  ;  but  the  stigma 
consists  of  a  shiny  sticky  surface  at  the 
back  of  the  entrance  to  the  spur,  just 
under  the  pouch.  The  pollen  is  very 
curious  :  instead  of  being  powdery,  the 
grains  are  all  united  by  elastic  threads 
into  a  club-like  mass,  the  elastic  threads 
uniting  and  forming  the  "  handle  "  to  the 
club :  the  small  ends  are  hidden  in  the 
little  pouch,  while  the  thick  ends  (of 
pollen)  are  in  the  anther-cells.  The 
pouch  is  full  of  gum.  Now  take  a  sharp- 
pointed  pencil,  pass  it  down  the  opening 
of  the  spur,  and  in  so  doing  push  the 
pencil  lightly  against  the  pouch.  Hold  it 
there  a  few  seconds.  Now  withdraw  it, 
and  you  will  pull  out  one  or  both  of  the 
pollen-masses,  as  they  are  called.  The 
gum  dries  and  fixes  them  erect.  Watch 
them  !  They  will  gradually  bend  down- 
wards towards  the  point  of  the  pencil 
until  they  lie  along  it.  You  must  fancy  a 
humble-bee  to  have  done  this ;  and  if  it 
ffy  to  another  flower,  or  if  you  pass  your 
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pencil  down  a  second  flower,  you  will  now 
find  the  pollen  will  hit  against  the  shiny, 
sticky  stigmatic  surface  below  the  pouch, 
and  which  will  remove  some  of  the  grains. 
You  may  wonder  what  the  use  can  be 
of  all  these  curious  contrivances.  It  is 
this :  to  enable  insects  to  carry  the  pollen 
from  one  flower  to  another  ;  for  it  has 
been  found  that  seeds  produce  stronger 
plants  when  the  ovules  which  grew  into 
the  seeds  had  been  set  by  the  pistil 
receiving  pollen  from  a  different  plant, 
rather  than  that  from  either  a  flower  on 
the  same  plant  or  from  the  very  same 
flower ;  so  that  it  is  believed  that  all 
flowers  with  conspicuous  and  especially 
irregular  corollas,  or  when  strongly 
scented,  are  thus  particularly  adapted 
for  attracting  insects,  which  thus  in  seek- 
ing for  honey  carry  the  pollen  at  the  same 
time  from  plant  to  plant. 


XIV. 

THE    PRINCIPLES    OF    VARIATION    AND 
CLASSIFICATION. 

Under  this  head  I  will  group  together 
the  ways  in  which  flowers  differ. 
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1.  Cohesion,  when  the  parts  of  a  whorl 
unite,  as  the  sepals  or  petals  of  a  Prim- 
rose or  Lilac. 

2.  Adhesion,  when  two  or  more  whorls 
adhere,  as  the  petals  to  the  calyx  of  the 
Strawberry,  or  as  the  stamens  to  the 
corolla  of  the  Primrose  and  Lilac. 

3.  Superior,  when  the  pistil  is  quite 
free,  as  in  the  Lilac,  or  Primrose,  or 
Strawberry. 

4.  Inferior,  when  the  ovary  of  the 
pistil  is  sunk  into  and  embedded  in  a 
receptacle,  as  in  the  Apple,  Dandelion, 
and  Orchis. 

5.  Eegular,  when  the  parts  of  a  whorl 
are  of  the  same  size  and  shape  as  the 
petals  of  the  Buttercup.    - 

6.  Irregular,  when  any  parts  of  the 
same  whorl  differ  from  the  rest,  as  in  the 
corolla  of  the  Pea. 

7.  Number.  In  many  flowers  the  parts 
of  the  whorls  are  three,  four,  or  five  in 
number,  or  else  very  many.  Other  num- 
bers are  not  quite  so  common. 

If  we  imagine  a  flower  to  be  composed 
of,  say,  five  free  sepals,  five  free  petals, 
five  free  stamens,  and  five  free  carpels, 
then  all  flowers  can  be  referred  to  such 
a  type  or  imaginary  example,  their  dif- 
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ferences  as  seen  in  any  nosegay  being 
entirely  due  to  different  combinations  of 
the  above  seven  principles. 

Plants  are  grouped  or  classified  mainly 
by  their  flowers.  We  have  seen  how 
there  are  several  species  of  Buttercup, 
that  being  the  genus ;  and  that  several 
genera  are  grouped  into  a  family ;  and, 
lastly,  all  the  families  of  flowering  plants 
are  grouped  into  two  great  classes,  called 
Dicotyledons  and  Monocotyledons,  and  of 
which  each  may  be  known  by  four  pecu- 
liarities, as  the  following  : — 


T.    DICOTYLEDONS. 

(1)  The  parts  of  the  flowers  are  gene- 
rally in  fours,  fives,  or  many ;  as  in  the 
Evening  Primrose,  the  true  Primrose,  and 
the  Buttercup. 

(2)  The  wood  of  such  as  are  trees  or 
shrubs  is  in  rings,  as  seen  in  a  trunk  of 
a  tree  when  sawn  across. 

(3)  The  leaves  are  net-veined,  as  in  all 
our  trees. 

(4)  The  seeds  when  they  germinate 
have  two  seed-leaves,  as  those  eaten  in 
mustard  and  cress. 
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H.  MONOCOTYLEDONS. 

(1)  The  parts  of  the  flowers  are  usually 
in  threes  or  sixes,  as  in  the  Hyacinth. 

(2)  The  wood  of  Palms,  and  of  the  only 
British  shrub  of  this  class,  "  The  Butcher's 
Broom,"  is  in  separate  cords  running 
down  the  pith,  as  seen  also  in  Asparagus. 

(3)  The  leaves  are  straight-veined,  as 
in  Hyacinth,  and  all  grasses. 

(4)  The  seeds,  when  they  germinate, 
have  only  one  seed-leaf,  as  may  be  seen 
in  an  Onion. 


XT. 

THE    PARTS    OF    PLANTS. 

For  convenience,  all  the  terms  used  in 
this  book  are  here  given  with  the  number 
of  the  page  where  each  is  explained. 

Boot, — rootlets, p.  363;  tuberous, p.  363; 
fibrous,  p.  363. 

Stem, — rootstock,p.369;bulb,p.364and 
385;  corm,  p.  368;  bud,  p.  364;  node,  p. 
374 ;  internode,  p.  374  ;  runner,  p.  370. 

Leaf, — axil,  p.  364;  stalk,  p.  364;  blade, 
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p.364;  ribs,p.385;  veins,  p. 385;  "branch- 
ing or  netted,"  p.  385;  "  straight,"  p.  385; 
segments, p. 369;  simple, p.364;  compound, 
p.  371;  tendrils,  p.  371;  stipules,  371;  leaf- 
scale,  p.  385. 

Flowee, — bract,  p. 374 ;  receptacle,  p. 366 
receptacular   tube,  p.  376 ;    free,  p.  376 
regular,  p.  365  ;   irregular,  p.  373 ;    calyx 
p.  365  and  378;  sepal,  p.    365;  pappus 
p.    380 ;   corolla,  p.   365 ;  petal,  p.  365 
gland,  p.  365 ;  perianth,  p.  385 ;  stamen 
p.  366;  filament,  p.  366;  anther-cells,  p 
366 ;    pollen,   p.    366 ;    pollen-grains,   p 
387;  pollen-masses,  p.  387;  "  leaves,"  p 
385  ;  spur,  p.  387 ;  disk,  p.  375 ;  pistil,  p 
366  ;    carpel,    p.    366 ;    ovary,    p.    366 : 
ovule,  p.  367 ;    style,  p.  372 ;  stigma,  p 
367 ;    stigmatic   surface,    p.    388 ;    floral 
whorls,  p.  367 ;  catkin,  p.  383  ;  head,  p. 
380  ;  floret,  p.  380  ;  "  ray  floret,"  p.  381 ; 
"disk  floret,"  p.  381;  pistillate,  p.  384; 
staminate,  p.  384. 

Feuit, — superior,  p.  378;  inferior,  p. 
377;  capsule,  p.  383;  achene,  p.  368; 
berry,  p.  378 ;  drupe,  p.  379  ;  kernel,  p. 
379  ;  seed,  p.  366 ;  seed-skin,  p.  373 ; 
embryo,  p.  373. 


MONET. 

BY  REV.    T.   E.    CRALLAN,   M.A., 

Chaplain  to  Sussex  County  Asylum,  Haynards  Heath, 

I. 

WHAT   IT   IS. 

Theke  are  two  kinds  of  money.  They 
are  coins  and  paper  money. 

Our  coins  are  flat  round  pieces  of 
bronze,  silver,  or  gold,  with  the  Queen's 
head  stamped  on  one  side,  and  something 
else  on  the  other. 

Bronze  coins  are  called  farthings,  half- 
pence, and  pence.  Two  farthings  make  a 
halfpenny.  Four  farthings,  or  two  half- 
pence, make  a  penny.  If  we  keep  our 
farthings  and  halfpence,  instead  of  buy- 
ing fruit  or  sweets,  we  shall  soon  have  a 
good  many  pence.  In  fact,  if  we  do  not 
eat  our  farthings  and  halfpence,  we  shall 
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soon  have  plenty  of  pennies,  and  shall 
be  able  to  buy  something  which  will  last 
longer  than  fruit  or  sweets ;  as  a  book  or 
a  knife,  a  pair  of  boots,  or  even  a  watch. 

Our  silver  coins  are  worth  three 
pence,  four  pence,  six  pence,  twelve 
pence,  twenty-four  pence,  thirty  pence,  or 
sixty  pence  apiece.  A  silver  coin,  worth 
twelve  pence,  is  called  a  shilling.  If  it  is 
worth  twenty-four  pence,  or  two  shillings, 
it  is  called  a  florin.  If  it  is  worth  thirty 
pence,  or  two  shillings  and  sixpence,  it  is 
called  a  half-crown.  If  it  is  worth  sixty 
pence,  or  five  shillings,  it  is  called  a 
crown  piece. 

Our  gold  coins  are  half-sovereigns  and 
sovereigns.  A  half-sovereign  is  worth  ten 
shillings.  A  sovereign,  or  pound,  is  worth 
twenty  shillings. 

I  am  sure  it  would  take  a  long  time 
before  my  farthings  and  halfpence  would 
come  to  a  pound;  but  perhaps  it  would 
not  take  so  long  as  I  think.  Suppose  I 
try  and  see  how  long  a  time  it  will  take. 
A  pound  would  buy  me  some  nice  useful 
clothes  ;  clothes  last  a  long  time,  and  I 
cannot  go  without  clothes.  Fruit  and 
sweets  are  gone  as  soon  as  I  have  eaten 
them,  and  surely  I  can  do  without  such 
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things   now  for   the   sake   of  something 
more  useful  by-and-by. 

Paper  money  is  something  quite  differ- 
ent from  gold,  silver,  or  bronze  money, 
and  is  only  used  to  save  the  trouble  of 
heavy  coin  and  the  risk  of  losing  it.  A 
bank-note  is  one  sort  of  paper  money. 
A  Post  Office  Order  is  another  sort  of 
paper  money.  Postage  stamps  are  often 
used  as  another  sort  of  paper  money. 
All  these  kinds  of  paper  money  can  be 
sent  in  letters  to  pay  people  at  a  distance 
much  more  easily  than  coins,  and  much 
more  safely. 


II. 

WHAT    IT    IS    USED    FOR. 

In  very  old  times,  long,  long  ago,  before 
people  had  any  money,  when  anybody 
wanted  anything  which  somebody  else 
had  got,  the  only  way  in  which  he  could 
get  it  was  by  what  is  called  Barter. 

One  man  perhaps  had  some  skins, 
another  had  some  corn.  The  one  wanted 
corn,  the  other  wanted  skins ;  so  they 
would  change.  The  one  would  give  the 
other  so  many  skins,  and  the  other  would 
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give  hirn  so  many  measures  of  corn  for 
them. 

But  as  men  increased  in  number  this 
way  of  dealing  was  found  too  incon- 
venient, so  they  invented  money.  It 
was  found  that  everybody  would  agree 
to  receive,  in  exchange  for  their  goods, 
pieces  of  metal,  gold,  silver,  iron,  or 
copper,  of  fixed  sizes  or  weights,  or 
with  certain  marks  stamped  upon  them. 
These  pieces  of  metal  were  easy  to  carry 
about,  and  there  was  no  disputing  as  to 
how  much  they  were  worth.  In  this  way 
barter  was  given  up,  and  buying  and  sell- 
ing took  its  place. 

In  very  early  times  the  strong  made 
slaves  of  the  weak.  Those  who  were  beaten 
in  war  became  the  slaves  of  those  who 
overcame  them.  These  slaves  were  forced 
to  work  for  their  masters  without  any 
pay  except  food,  clothing,  and  lodging. 
Afterwards,  when  slavery  ceased  to  be  the 
custom,  people  paid  money  to  those  who 
worked  for  them  ;  for  by  that  time  barter 
had  stopped  and  money  had  come  into  use. 

So  now  money  is  used  to  get  whatever 
we  require,  either  to  buy  the  things  we 
want,  or  to  pay  those  who  do  for  us  things 
which   we    cannot   do   for   ourselves,   or 
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which  others  can  do  for  us  better  than  we 
can  do  them,  or  which  they  are  willing  to 
do  for  wages  while  we  are  busy  about 
something  else. 

It  should  never  be  forgotten  that  the 
use  of  money  is  not  to  be  always  kept 
locked  up  in  a  box.  In  fact  that  is  not 
using  it  at  all,  that  is  only  keeping  it. 
Money  that  must  be  kept  now,  in  order 
that  it  may  be  used  at  some  future  time, 
should  be  taken  care  of  in  another  way 
than  that,  as  we  shall  hear  by-and-by. 


III. 

HOW    TO    GET    IT. 

We  now  know  what  money  is,  and  we 
know  that  the  use  of  it,  or  the  purpose 
for  which  it  was  meant,  is  to  buy  things 
we  want,  or  to  hire  other  people  to  work 
for  us.  The  next  question  is,  How  are 
we  to  get  it  ? 

Now  there  are  several  ways  of  doing 
this  ;  some  are  right,  and  some  are  wrong. 
There  are  four  ways  of  getting  money. 
We  can  beg  it,  or  borrow  it,  or  steal  it, 
or  earn  it. 
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We  can  all  understand  that  no  one 
should  ever  beg  or  borrow  money  if  he 
can  anyhow  help  doing  so. 

Everybody  knows  that  no  one  should 
ever  steal  money  or  anything  else,  howr- 
ever  hard  driven  he  may  be.  Besides,  a 
thief  never  gets  any  real  pleasure  or  good 
from  his  ill-gotten  gains,  even  if  he  be  not 
found  out  and  punished. 

So  then  the  only  proper  way  of  getting 
money  is  to  earn  it  honestly. 

No  one  ever  need  be  ashamed  of  earn- 
ing money  by  honest  work. 

Labourers,  sailors,  carpenters,  brick- 
layers, and  all  kinds  of  artizans  earn  their 
money  by  working  with  their  hands. 

Tradesmen,  merchants,  doctors,  lawyers, 
schoolmasters,  and  all  such  people  earn 
theirs  by  working  chiefly  with  their  heads. 

People  whom  we  call  rich,  and  who 
are  not  obliged  to  work,  since  they  have 
plenty  without  working,  live  on  the 
money  which  they  earned  in  the  earlier 
part  of  their  lives,  before  they  left  off 
business,  or  which  their  fathers  or  grand- 
fathers or  other  relations  or  Mends 
worked  for  and  earned  while  they  were 
yet  alive,  and  when  they  died,  left  to 
those  who  came  after  them. 
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Children  may  often  earn  small  sums  of 
money  by  doing  odd  jobs  to  help  older 
people  ;  and,  indeed,  may  very  often  earn 
a  trifle  by  only  being  well  behaved. 
Most  parents  would  gladly  give  each  of 
their  children  some  small  sum  every 
Saturday,  Sunday,  or  Monday,  if  they 
had  behaved  as  they  ought  to  do  all  the 
week  before. 

Everyone  who  really  tries  hard  will  be 
sure  to  find  some  way  of  earning  money. 
As  children  grow  older  they  should  try 
all  they  can  to  earn  something  by  some 
kind  of  honest  useful  work.  It  is  always 
respectable  and  even  honourable  to 
have  honest  work  to  do,  and  to  do  it 
thoroughly;  and  no  one  ever  need  be 
ashamed  of  it,  whatever  it  may  be,  so 
long  as  there  is  nothing  wrong  in  it,  and 
it  does  no  harm  to  themselves  or  others. 


IV. 

WHAT    TO   DO   WITH   IT. 

Thebe  are  only  three  things  which  we 
can  do  with  our  money  when  we  have  got 
it.     We  can  spend  it,  or  keep  it,  or  give 
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it  away.  And  we  ought  to  do  all  these 
three  things  with  it.  We  ought  to  spend 
some,  and  keep  some,  and  give  some 
away.  Now  let  us  think  first  how  we 
ought  to  spend  our  money. 

We  can  spend  it  wickedly ;  or,  which 
is  nearly  as  bad,  wastefully ;  or,  which  is 
best  of  all,  wisely. 

We  can  spend  it  wickedly,  for  instance, 
in  buying  with  it  too  much  drink,  which 
does  harm  to  body,  soul,  and  mind,  and 
brings  people  to  poverty,  disease,  and 
crime.  And  there  are  many  other  evil 
ways  in  which  it  can  be  spent,  which  we 
shall  hear  of  as  we  get  older  and  know 
more  of  the  doings  of  grown-up  people. 
We  must  keep  from  these  wicked  ways 
of  spending  money  if  we  wish  to  have 
comfortable,  respectable,  and  happy  homes 
of  our  own. 

Then  we  can  spend  our  money  waste- 
fully.  We  do  this  when  we  buy  things 
only  to  please  ourselves,  without  thinking 
whether  we  really  want  them,  or  whether 
they  are  fit  for  our  station  in  life. 

It  is  a  wasteful  way  of  spending  money 
to  lay  out  too  much  in  mere  amusement 
or  indulgence  of  any  kind.  It  is  wasteful 
in  servants  to  buy  such  dresses  or  orna- 
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ments  as  may  be  quite  right  and  proper 
for  their  masters  and  mistresses  to  have, 
but  are  not  suitable  for  their  own  position 
in  life.  Besides,  we  should  always  re- 
member that  things  which  are  quite  right 
and  proper  for  rich  people  to  wear  only 
look  silly  on  people  who  are  not  rich.  In 
the  same  way  it  is  wasteful  to  spend 
money  in  trying  to  do  everything  that 
other  people  do,  and  particularly  in  try- 
ing to  appear  equal  to  those  who  are 
really  better  off.  Besides,  it  is  not  only 
wasteful,  but  silly ;  and  still  more  it 
ought  to  be  considered  wicked  as  well  as 
wasteful  and  silly,  because  after  all  it  is 
an  attempt  to  deceive  those  who  do  not 
know  our  true  circumstances.  How  much 
wiser  it  would  be  to  save  our  money  until 
we  really  are  rich,  before  we  try  to  copy 
the  expensive  habits  of  people  who  are 
rich  already. 


V. 

HOW   TO    SPEND   IT   WISELY. 

If  people  wish  to  spend  their  money 
wisely,  they  will  remember  that  they  can 
do  so  in  three  ways.     They  can  do  so  by 
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buying  things  that  are  necessary,  things 
that  are  useful,  and  things  that  add  to 
their  comfort. 

The  things  that  are  necessary,  which 
everybody  must  have,  are  food,  drink,  and 
firing,  clothes  to  wear,  a  home  to  live  in, 
and  sometimes  medicine  in  sickness. 

Of  course  we  may  spend  our  money 
wastefully  even  in  buying  these  things. 
We  waste  money  if  we  are  greedy  or 
drunken,  if  we  buy  too  expensive  food,  or 
too  costly  drinks,  such  as  in  fact  we 
cannot  afford;  or  if  we  buy  too  smart 
clothes,  or  live  in  too  big  a  house,  or 
fancy  we  must  take  physic  when  we  are 
not  really  ill.  But  it  is  quite  right  that 
-we  should  spend  enough  to  get  ourselves 
sufficient  food  and  drink,  such  dress  as  is 
proper  for  us  to  wear,  lodgings  or  a  house 
suitable  to  our  position  in  life,  with  room 
enough  to  be  healthy,  and  that  we  should 
pay  a  doctor  for  medicine  and  advice  in 
sickness  ;  and  of  course  every  father  and 
mother  should  provide  these  necessary 
things  for  their  children  as  well  as  for 
themselves. 

Then  there  are  useful  things,  some  of 
which  are  almost  or  quite  necessary  as 
well  as  useful.     It  is  a  wise  way  of  spend- 
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ing  money  to  provide  ourselves  with  so 
many  of  these  things  as  we  require. 
Such  things  are  tools  for  all  kinds  of 
working  men,  sewing  machines  for  women, 
furniture,  watches,  and,  perhaps  more 
than  all,  a  few  sensible  books  for  every- 
one. 

Then  there  are  things  that  make  us 
comfortable  ;  things  which  we  might  per- 
haps do  without,  yet  which  it  is  both 
wise  and  pleasant  to  possess  if  we  can 
afford  to  buy  them.  Such  things  are  a 
few  nice  pictures,  a  few  pretty  ornaments 
for  our  rooms,  a  few  extra  pieces  of  fur- 
niture, a  few  flowers  for  our  gardens  or 
windows ;  thick  clothing,  waterproofs, 
umbrellas,  strong  boots  for  wet,  cold, 
wintry  weather ;  and  many  other  such 
like  things  which  we  shall  find  out  and 
feel  the  want  of  as  we  grow  older  and 
know  more. 

And  then,  last  of  all,  we  shall  spend 
some  of  our  money  wisely  if  we  give 
some  of  it  away.  We  maj^  always  find 
some  people  about  us  in  need  or  sickness 
whom  we  can  help.  Or  we  may  give  a 
little  assistance  to  others  who  are  strug- 
ling  hard  to  get  on,  and  so  we  may  help 
them  while  they  are  trying  to  do  their 
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duty  and  make  their  way  in  the  world. 
We  shall  find,  if  we  look  about  us,  that 
however  badly  we  ourselves  are  off,  there 
are  always  others  near  us  worse  off  still. 
And  we  shall  always  find  that  money 
spent  in  helping  others,  if  wisely  and 
carefully  given,  not  to  make  them  idle 
and  dependent,  but  to  help  them  to  help 
themselves,  will  bring  us  more  real  com- 
fort and  honest  satisfaction  than  all  the 
money  which  we  spend  on  our  own  plea- 
sure and  indulgence. 


VI. 

WHAT    TO    KEEP   IT    FOE. 

Theke  is  still  something  left  to  be  done 
with  money  besides  spending  it  and 
giving  it  away,  and  that  is  to  keep  it. 
Now  we  should  never  keep  it  merely  for 
the  sake  of  having  it.  There  is  no  real 
pleasure  and  no  use  in  having  money 
locked  in  a  box,  or  stored  away  in  any 
safe  manner,  except  that  we  may  have  it 
ready  to  use  in  some  way  at  some  future 
time ;  and  so,  if  we  keep  it  at  all,  it 
should   only  be  in  order  that  it  may  be 
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used  for  some  wise  purpose  by-and-by. 
Let  us  see  then  what  are  the  purposes  for 
which  we  should  keep  our  money. 

"We  know  that  some  of  the  money 
which  we  get  in  one  way  or  other  wo 
must  spend  in  necessaries,  such  as  food, 
clothing,  and  so  on  ;  that  we  may  wisely 
spend  some  in  useful  things,  or  in  com- 
forts ;  and  that  we  certainly  ought  to 
spend  some  in  helping  others  who  are 
more  in  want  than  we  are.  But  after 
providing  for  these  things,  we  ought  to 
put  some  by.  Now  we  ought  to  have 
something  in  view  when  we  do  this.  We 
ought  to  make  up  our  minds,  and  fix 
upon  something  that  would  be  good  for 
us  to  have,  and  which  we  intend  our 
savings  to  get  for  us  some  day. 

There  are  many  things  which  it  would 
be  very  nice  to  have,  but  which  we  could 
not  pay  for  at  once  with  the  little  sums 
of  money  which  wTe  have  left  over  any 
day  or  week,  nor  perhaps  with  all  that 
we  have  to  spare  in  a  month  or  even  in  a 
whole  year.  But  all  those  little  sums  of 
money,  in  a  good  many  months  or  in 
several  years,  would  come  to  much  more 
than  we  think,  if  we  put  them  all  to- 
gether in  some  safe  place.     If  they  are 
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taken  care  of  in  that  way,  they  will 
enable  us,  by-and-by,  to  get  many 
things  which  now  seem  quite  beyond  our 
means. 

We  have  heard  before  this  that  a 
watch,  or  sewing  machine,  tools,  and 
furniture,  are  proper  things  for  people  to 
buy ;  but  all  those  things  cost  a  good 
deal  of  money,  and  young  people  can 
only  hope  to  be  able  to  buy  them  by 
keeping  for  that  purpose  all  the  little 
sums  of  money  they  can  manage  to  save, 
and  by  often  denying  themselves  some 
little  pleasure  now,  for  the  sake  of  the 
future  benefit. 

So  as  boys  and  girls  grow  up  they 
should  try  to  put  by  some  of  their  earn- 
ings, against  the  time  when  they  will  feel 
the  want  of  money.  There  is  sickness  or 
accident  to  be  provided  against,  which 
may  come  any  day,  and  then  it  is  a  great 
comfort  to  have  some  money  saved  up, 
with  which  to  meet  the  expenses  of  such 
a  time. 

Or,  when  you  grow  up  to  be  young 
men  or  women,  you  may  wish  to  marry. 
Now  no  people  should  marry  until  they 
have  between  them  at  least  enough  to 
buy  furniture  and  linen  for  their  home, 
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and  to  have  something  still  left  over  to 
meet  the  expenses  of  married  life. 

Then,  when  people  get  old  and  feeble 
or  infirm,  they  ought  to  have  enough 
saved  up  to  enable  them  to  live  without 
work.  It  is  pleasant  for  old  people  to 
think  that  they  have  enough  to  keep 
themselves,  without  being  a  burden  to 
their  friends  or  coming  to  the  parish,  and 
still  more  so  if  they  have  enough  to  help 
their  children  as  well. 

Then  again  many  people  would  like  to 
live  in  a  house  of  their  own  much  better 
than  to  pay  rent  for  one  to  a  landlord. 
But  most  people  cannot  hope  to  buy  a 
house  at  all,  unless  they  continually  save 
small  sums  out  of  their  earnings  until 
they  have  enough  to  pay  for  it. 

So  begin  at  once.  Make  up  your 
mind,  and  fix  upon  something  which  you 
would  like  to  have,  and  put  by  your  pence 
and  halfpence  until  you  have  got  enough 
to  buy  it.  By  that  time  you  will  perhaps 
be  old  enough  to  know  that  there  is  still 
something  more  beyond,  which  is  worth 
trying  to  get,  and  you  may  then  save  for 
that  purpose.  Perhaps  by  that  time  you 
will  be  able  to  earn  more  and  save  faster. 
In  this  way  very  likely,  if  you  try  hard, 
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you  will  be  able  at  last  to  feel  that  by  in- 
dustry, honesty,  and  care,  you  have  be- 
come able  to  place  yourself  beyond  the 
reach  of  want  for  the  rest  of  your  life. 


VII. 

HOW   TO   KEEP   IT. 

We  have  nothing  to  do  now  with  telling 
people  who  are  rich  how  to  take  care  of 
their  large  sums  of  money.  Our  business 
is  only  to  teach  children  and  poor  people 
how  to  keep  the  trifles  which  they  can 
manage  to  put  by  from  time  to  time. 

The  first  thing  to  be  remembered,  for 
it  is  at  the  root  of  the  whole  matter,  is 
never  to  despise  a  trifle  or  to  think  it  is 
not  worth  keeping,  or  that  it  may  as  well 
be  spent  because  it  is  only  a  trifle. 

We  know  that  four  farthings  make  a 
penny ;  then  why  spend  a  farthing, because 
it  is  only  a  farthing,  in  sweets  which  are 
gone  directly,  or  in  any  such  wasteful 
way  ?  If  you  keep  it  you  will  get  some 
more  farthings  to  put  to  it,  and  in  time 
have  enough  to  buy  something  more 
worth     having,     something     you     really 
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want  and  which  will  last.  So  with  your 
pennies,  which  soon  grow  to  shillings  if 
you  keep  them ;  and  by-and-by  with 
your  shillings,  which  then  will  soon  grow 
into  pounds.  How  is  the  money  to  be 
kept  ?  Either  get  a  money-box  and  put 
your  halfpence  and  pence  into  it  as  soon 
as  you  get  them,  or,  which  is  better  still, 
give  your  trifles  to  your  teacher  to  take 
care  of  for  you. 

As  soon  as  you  have  saved  a  shilling 
you  can  have  it  put  into  the  Savings  Bank 
in  your  own  name,  and  they  will  give  you 
a  book  with  your  name  in  it,  and  how 
much  you  have  put  into  the  Bank  written 
down  in  it.  When  you  have  once  done 
this  it  is  quite  safe,  and  you  need  have  no 
fear  of  its  ever  being  lost.  As  often  as 
you  have  saved  another  shilling  you  can 
put  it  into  the  Savings  Bank  with  the 
other  ;  and  when  you  have  saved  enough 
to  buy  the  thing  for  w^hich  you  have  been 
keeping  it,  or  whenever  you  want  it  out 
again  for  any  purpose,  you  can  always 
have  it  back  by  applying  for  it  a  few  days 
before  you  require  it.  For  young  persons, 
and  other  people  whose  savings  are  not 
large,  there  is  no  safer  or  better  way  of 
keeping  their  money  than  this ;  in  fact, 
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there  is  not  any  other  way  that  is  nearly 
so  good  or  so  safe. 


VIII. 


HOW    IT    GEOWS.       (i)    LIKE    A   HEAP    OF 
STONES. 

If  we  have  often  to  walk  past  some  waste 
corner  by  the  roadside,  and  every  time 
we  do  so  we  take  care  to  be  provided  with 
a  stone,  and  as  we  go  by  lay  it  there, 
after  a  while  there  will  be  a  heap.  At 
first,  of  course,  there  will  be  only  one 
stone  there,  then  two  or  three,  then  a 
bushel,  by-and-by  a  cartload.  As  long 
as  we  go  on  doing  so  the  heap  will  keep 
on  growing,  no  matter  how  small  the 
pebble  which  we  bring  each  time.  It  is 
just  the  same  with  money.  If  we  get  a 
box,  or  a  bag,  or  anything  else  which 
would  be  like  the  waste  corner,  and  when- 
ever we  get  a  penny,  or  halfpenny,  or 
even  a  farthing,  we  put  it  in  there  ;  or  if 
we  get  our  teacher  to  take  care  of  it  for 
us,  it  will  grow  just  in  the  same  way  as 
our  heap  of  stones. 
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Of  course  it  will  take  a  long  time  before 
there  will  be  much,  just  as  the  heap  of 
stones  would  take  a  long  time  before  it 
began  to  look  big.  But  then  the  oftener 
we  can  put  any  money  fchere,  and  the 
more  we  put  each  time,  the  faster  our 
heap  of  money  will  grow ;  just  as  the 
heap  of  stones  would  grow  faster  the 
oftener  we  went  by,  and  the  bigger  the 
stone  we  put  on  each  time. 

This  is  the  only  way  in  which  children 
and  young  people  can  begin  to  get  to- 
gether the  money  to  furnish  them  by-and- 
by  with  those  things  which  add  so  much 
to  their  comfort  as  they  growr  older  ;  and 
it  is  also  the  only  w;ay  by  which  many  can 
avoid  being  a  burden  upon  other  people 
when  they  are  ill  or  past  work. 


IX. 

HOW   IT    GROWS.       (il)    LIKE    A    TREE. 

When  any  person  has  a  sum  of  money 
which  he  does  not  want  to  use  at  once, 
he  can  let  it  out  for  hire  until  he  wants 
it,  in  the  same  way  as  people  let  out 
carriages,  carts,  and  horses  for  hire ;  once 
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money  is  generally  let  out  for  three 
months,  or  six  months,  or  by  the  year. 
The  lender  has  to  make  sure  in  some  way 
that  he  will  get  back  his  money  again,  at 
the  end  of  the  time  for  which  it  is  lent, 
together  with  the  sum  agreed  upon  as  the 
hire  of  it. 

All  money  that  is  lent  in  this  way  is 
called  capital,  and  the  money  paid  for  the 
hire  of  it  is  called  interest. 

Now  if  a  person  lets  his  capital  out 
for  hire,  and  every  time  he  receives  any 
interest  does  the  same  with  that,  he 
adds  that  to  his  capital,  and  he  will  find, 
of  course,  that  it  is  continually  growing 
bigger  and  bigger.  It  is  just  as  if  he  had 
planted  a  young  tree  ;  he  would  find  it 
growing  bigger  and  bigger  year  by  year, 
and  his  capital  grows  without  any  labour 
on  his  part  just  as  the  tree  does.  Each 
year  the  rain  and  the  sun  and  the  earth 
lielp  to  make  the  tree  grow  larger  for  the 
person  wTho  planted  it,  and  each  year  the 
person  who  hires  capital  furnishes  the  in- 
terest which  makes  the  capital  larger  for 
the  person  who  lent  it. 

It  is,  of  course,  quite  right  that  people 
who  hire  money  for  their  own  profit  or 
convenience  should  pay  the   hire  of  it, 
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exactly  as  they  pay  the  hire  of  a  carriage, 
a  cart,  or  a  ship. 

When  you  get  older  yon  will  learn  a 
great  deal  more  about  the  purposes  for 
which  people  hire  money,  and  how  they 
do  it,  and  how  you  yourself  can  let  your 
money  out  for  hire  when  you  have  got  it. 
It  is  enough  now  for  you  to  know  that,  if 
you  put  your  money  into  the  .Savings 
Bank,  you  are  really  lending  it ;  that  for 
each  pound  you  lend  in  that  way  you  will 
receive  a  halfpenny  for  the  hire  of  it  for 
each  month  you  let  it  stay  there,  that  it 
will  be  always  quite  safe,  and  that  you 
can  have  back  your  Capital  with  its  In- 
terest whenever  you  want  it.  It  is  jast 
like  planting  an  acorn  in  the  ground. 
When  you  are  a  child  you  do  not  know 
how  big  a  tree  that  little  thing  will  have 
grown  to  when  you  are  old  ;  but  then  you 
must  have  patience  and  let  it  stay  where 
you  first  planted  it,  and  not  complain  if 
it  seems  at  first  to  grow  but  very  slowly. 
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X. 

HOW  IT   GEOWS.       (ill)    LIKE   POTATOES. 

Like  potatoes  ?  How  can  money  grow 
like  potatoes  ?  Well,  now  let  us  see  how 
potatoes  do  grow. 

A  gardener  or  a  farmer  chooses  a  piece 
of  ground  which  will  do  for  the  purpose  ; 
then  he  prepares  it,  and  spends  time 
and  labour  in  digging  or  ploughing  and 
manuring  it,  and  puts  in  the  plants, 
which  are  small  potatoes  or  pieces  of 
large  ones.  Then,  as  the  summer  goes 
on,  he  has  to  cultivate  the  plants,  and 
keep  them  free  from  weeds.  By-and-by 
he  has  to  dig  or  plough  them  up,  and 
then,  if  all  goes  well,  he  gets  many  more 
and  much  larger  potatoes  out  of  the 
ground  in  the  autumn  than  he  put  into 
it  in  the  spring.  This  is  quite  different 
from  the  way  in  which  an  oak  or  a  fir  tree 
grows.  That  is  planted  and  left  to  itself. 
Potatoes  require  constant  attention  and 
labour,  and  skill  as  well. 

Now  we  know  how  money  can  be  made 
to  grow  like  a  heap  of  stones,  or  like  a 
tree.  Let  us  see  next  how  it  can  be  made 
to  grow  like  potatoes. 
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To  make  potatoes  grow  we  want  four 
things  :  the  plant,  the  ground,  the  labour, 
and  the  skill  to  make  that  labour  useful. 

So  to  make  money  grow  like  potatoes 
we  want  four  things. 

We  must  have  our  plant,  that  is,  some 
capital  (you  know  what  capital  is). 

We  must  have  ground,  that  is,  some 
opening  for  business  ;  and  then  we  must 
have  labour,  and  the  skill  to  manage  the 
business.     Here  then  are  the  four  things. 

Every  business,  trade,  or  manufacture 
must  have  all  these  four  things. 

Doctors,  Lawyers,  Surveyors,  Auc- 
tioneers, and  all  such  people  must  have 
offices  and  licences  to  practice,  and  these 
cannot  be  had  without  capital ;  these  are 
their  plant.  They  must  live  somewhere 
where  there  are  people  to  employ  them  ; 
this  is  their  ground.  They  must  have 
skill  to  do  what  is  required  of  them,  and 
industry  as  well. 

Tradesmen  and  merchants  must  have 
shops  and  warehouses  and  goods ;  these 
are  their  plant.  They  must  find  markets 
where  they  can  buy  and  sell ;  these  are 
their  piece  of  ground.  And  they  too 
must  have  skill,  and  must  work  hard. 
Manufacturers  must  have  cotton,  or  wool, 
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or  iron,  or  timber,  or  other  stuff  to  work 
up  into  all  sort  of  things ;  and  machines 
to  do  it  with,  and  workpeople  to  manage 
the  machines ;  and  mills,  and  forges,  and 
workshops  to  do  it  in ;  these  are  their 
plant.  They  must  find  markets  where 
they  can  buy  the  raw  material  which  they 
wish  to  manufacture  into  goods,  and  other 
markets,  where  merchants  and  trades- 
men will  come  to  buy  the  goods  which 
they  have  manufactured.  These  are  their 
ground.  And  they,  like  all  the  rest, 
must  have  skill  and  industry. 

All  these  people,  if  they  have  the 
proper  plant,  and  are  wise  in  choosing 
their  ground,  and  have  the  right  know- 
ledge and  skill  and  enough  industry, 
will  find,  year  by  year,  that  their  money 
grows  just  like  potatoes,  thirtyfold,  forty- 
fold,  or  a  hundredfold. 

Now  while  you  think  of  these  people, 
and  wish  to  do  and  to  be  like  them,  re- 
member that  you  can  if  you  choose.  Of 
course  not  all  at  cnoe,  but  little  by  little. 
You  must  begin  with  the  one  stone  in 
the  corner,  the  farthing  or  the  halfpenny 
which  you  first  put  into  your  box  or  give 
to  your  teacher  to  take  care  of  for  you. 
You  must  go  on  till  you  can  plant  your 
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first  acorn,  whsn  you  get  your  first  pound 
in  the  Savings  Bank.  You  must  get  all 
the  learning  and  all  the  skill  you  can,  and 
you  must  be  sober,  honest,  and  indus- 
trious. So  after  a  while  you  will  find 
that  you  have  got  your  capital  to  provide 
the  plant,  and  your  labour,  and  your  skill, 
and  then  you  must  look  oufc  for  your 
ground;  that  is,  you  must  find  some 
way  of  going  into  business  for  yourselves. 
Then  you  may  begin  to  plant  your  pota- 
toes, with  good  reason  to  expect  an 
abundant  crop  in  due  time. 

And  while  you  are  doing  all  this  re- 
member that  those  people  who  are  already 
in  business,  employing  large  capital,  and 
getting  large  profits,  can  do  so  only  by 
employing  large  numbers  of  workpeople. 
True,  they  are  getting  their  large  crops  of 
potatoes,  but  they  cannot  do  so  without 
doing  good  to  all  they  employ.  In  fact, 
they  cannot  do  it  at  all  without  giving 
every  one  of  their  workpeople  the  oppor- 
tunity, first  of  getting  their  own  little 
heap  of  stones,  then  of  planting  their 
own  little  tree,  and  at  last  of  having  their 
own  plant,  their  own  ground,  and  their 
own  crop  of  potatoes,  if  they  themselves 
can    only  find  the   self-denial    and  the 
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courage  to  follow  the  road  which  their 
employers  have  travelled  before  them,  a 
road  whose  end  can  never  be  reached  by 
those  who  will  not  enter  it  at  its  begin- 
ning, or  who  forget  that  "  where  there's 
a  will  there's  a  way." 


XL 

CAPITAL,    INCOME,    WAGES. 

We  have  heard  already  that,  when 
people  have  money  which  they  do  not 
want  to  use  at  once,  they  can  let  it  out 
for  hire,  or,  as  it  is  more  commonly  called, 
put  it  out  at  interest.  We  know  too  that 
the  money  which  is  put  out  at  interest  is 
called  capital. 

But  the  money  used  in  carrying  on  any 
trade,  business,  or  manufacture,  is  called 
capital  too.  Such  money  is  employed  in 
erecting  or  renting  buildings  such  as 
shops,  mills,  or  foundries ;  in  buying 
steam-engines  and  other  machinery ;  in 
purchasing  raw  materials  to  work  up  into 
finished  articles ;  and  in  all  the  various 
ways  in  which  money  must  be  spent  in 
business  before  any  returns  can  come  in. 
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But  there  is  another  way  in  which 
capital  can  be  employed. 

Anyone  who  has  money,  but  does  not 
wish  to  engage  in  trade,  or  to  lend  his 
money  out  at  interest,  may  spend  it  in 
buying  land  or  houses,  for  which  he  will 
receive  rent  ;  or  he  may  buy  other  kinds 
of  property,  which  will  yield  a  return 
paid,  like  rent  or  interest,  at  fixed  periods. 
When  people  do  this,  we  say  they  have 
invested  their  money  in  land,  or  in  what- 
ever else  it  may  be  that  they  have  bought. 

Now  the  money  which  finds  its  way 
into  peoples'  hands  should  be  considered 
under  two  heads.  The  interest  of  capital 
lent,  the  rent  or  returns  of  capital  in- 
vested, and  the  gains  made  by  capital 
employed  in  business  come  in  over  and 
over  again  year  by  year.  All  the  money 
which  comes  in  from  these  sources  in  any 
one  year  is  called  our  income,  and,  if  we 
spend  it  all  in  that  year,  still  the  next 
year,  and  every  year  after  we  may  expect 
to  have  the  same  income,  as  long  as  we 
do  not  go  beyond  it,  and  spend  part  of 
our  capital  besides.  But  if  we  spend 
more  than  our  income,  and  dip  into  our 
capital  as  well,  then  every  year  our  in- 
come will  get  smaller,  and   our  capital 
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grow  less,  until  by-and-by,  if  we  live 
long  enough,  we  shall  find  that  we  have 
no  capital  left,  and  therefore  no  income 
to  live  on. 

But  there  is  another  source  of  income, 
and  another  form  of  capital.  All  money 
that  is  earned,  whether  by  the  brain  or 
by  the  hands,  i.e,  all  wages  is  income; 
and  the  work,  whether  brain  work  or 
manual  labour,  by  which  it  is  earned,  is 
another  sort  of  capital.  Some  people 
have  so  much  capital  invested  that  the 
income  from  it  is  sufficient  for  them  to 
live  on  without  their  being  obliged  to 
work  at  all.  Some  people  have  no  capi- 
tal except  their  labour  of  whatever  kind 
that  may  be. 

Now  capital  that  is  safely  invested  will 
go  on  producing  income,  we  might  almost 
say,  for  ever,  certainly  for  the  lifetime  of 
several  persons  in  succession.  But  no 
one  can  go  on  working  for  ever,  many 
not  for  all  their  lives. 

Our  power  of  labouring  can  only  last 
for  a  certain  number  of  years,  and  at  the 
end  of  each  year  we  have  one  year's  less 
work  left  in  us.  So  then  the  wages  we 
earn  are  partly  income,  and  partly  capi- 
tal;   and  every  one  who   spends   all  he 
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earns  as  fast  as  he  earns  it,  spends  every 
year  part  of  his  capital,  and  when  he  be- 
comes too  old  to  work  will  find  himself 
without  either  capital  or  income.  Every 
person  who  has  not  capital  enough  to 
bring  him  sufficient  income  for  him  to  live 
on  should  strive  hard  by  care  and  self- 
denial  to  put  aside  some  of  his  earnings 
each  year,  so  that  he  may  have  in- 
vested capital  to  take  the  place  of  the 
labour  capital  which  is  constantly  being 
used  up. 

Many  boys  and  girls  go  out  to  work 
when  they  are  thirteen  years  old,  and  if 
they  are  hearty  and  strong,  and  keep 
sober  and  steady,  they  may  perhaps  hope 
to  be  able  to  work  till  they  are  sixty- 
three.  That  would  mean  that  they  have 
fifty  years  of  labour  capital  to  start  with. 
But  it  means  just  as  truly  that  each  year 
they  ought  to  lay  by  out  of  their  earnings 
so  much  as,  with  the  interest  added  to  it, 
would  altogether  afc  the  end  of  the  fifty 
years  bring  in  income  sufficient  for  them 
to  live  on  without  working  any  more  in 
their  old  age. 

Now  let  us  gather  up  the  substance  of 
all  this  chapter  into  a  table  which  you 
may  learn  by  heart.     Here  it  is  : — 
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Capital  is  money  let  out  for  hire,  or  in- 
vested, or  used  in  business. 

A  working  man's  capital  is  his  labour. 

Interest  is  money  earned  by  capital  lent, 
or  invested. 

Profit  is  money  earned  by  capital  used 
in  business. 

Wages  is  money  earned  by  working. 

Income  is  Interest,  Profit,  Wages, 
separately,  or  together. 

Profit  and  Wages  are  partly  capital 
as  well  as  income,  because  we  can  neither 
trade  nor  work  for  ever. 
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